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cnisod  by  *he  nature  of  i hoto  tffect,  rut  they  hive  high  sensitivity 
in  working  spectral  interval  and  rapid  response. 
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'!?r  in  principle  arc  nonselect  ivo,  if  are  covered  with  the  layer  of 
tu  1 s r a t c . , which  absorbs  err  ission/radi  ation  in  the  assigned  spectral 
interval,  ’'ijority  of  TPI  .are  inertia  in  comparison  with 
phctoelectric  receivers,  hut  exceed  them  in  the  relation  to  the 
stability  of  characteristics. 
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Th  us,  *he  sel  c-ion  oi  ;<Hfiva  fcr  a radiation  in  st  r uron  t 
depends  <>n  the  specific  conditions,  and  er  %nich  it.  is  possible  * o 
rp'irr  i ! v vi  *ay  e to  one  t y : e or  the  other. 

D«:  i ending  on  th->  oiicu*  in<_.  principle  ot  TTI  it  is  possible  to 
iiv  i :e  into  f ho  follow  i no  t y { e s : 

* ) hoi  >:neters  are  metallic,  soriccnd  uctoi  and  liel^ct  ric  (amor,  j 
ether  *hii.  js  f *-t  roolectric)  ; ♦ ik  us.  of  cl  yc-jen  ics  :na  1«-  it  possible 
•o  cro.it.  ♦ h •:»  supercon  iucting  a;  1 cool*  i boioir**t  ts; 

2)  radiation  thermal  c lonopt.. ; 

i)  opt  i co- aco  us*  i c (pneumatic)  and  1 i 1 at  circt  r ic  receivers; 

4)  pyroelectric  receivers. 

Tr  • classification  or  +hernal  ieceiv»»ti  it  ir  possinlo  to 
conduct  .Iso  depending  on  the  dosignat  icn/ ( ur  pese  of  this  form  of 
receiver  - receivers  for  spectral  target/purposes,  receivers  for  t f . 
absolut,-  measurements  o.  cm  iss  ion/rad  i at  ion , receivers  ror  ♦ he 
measurement  of  the  signals  cf  very  small  intensity  or  receivers  for 
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tin  JPasur ero-jnt  of  powerful  radiation  fluxes,  e 


tc, 


Ao  the  has  is  relow  description  or  TP]  is  place!  the  physical 
rrirci;!  ■*  of  their  action. 


rr-  'J -•? i ri <j  TPI  in  ra  ii  »«•  roi  mst  r uircnt  it  is  necessary  to  know 
tliei:  char  act  erist  ics.  The  s<  * of  characteristics  must  he  so  comple* 
in  or’.';-  that  it  would  1 t o.  siil<-  * a preaic*  the  possibility  oi  th* 


v ! op/pr  oc<  ss«  1 on  t h 


c basis  of  receiver;  levies. 


’ : h > o r works  r 1 , - l • ] on  < lassification  at:  i n et  r ics  o t 

radiation  detectors,  frequently  ir  + o d-  tor  mining  or.  mu  tie  same 
chtr  ic-eristics  the  different  authors  fick  different  sense.  There  lor 


cr. --  should  a 


irs*-  iaterinir:e 


fundamental  c.  h t r acter  ist  ics  cf  TPI 


. Jha  i sic  t r r in  * ic  s of  t hemal  ladiati  in.  let  ■ 


c t rr  s. 


The  conversion  factor  of  TPI 
value  of  output  signal  to  the  fio-. 
which  rails  to  it.  Radiant  flux  is 


is  determined  by  ‘he  ratio  of  the 
value  of  the  emission/r adiat ion , 
exprcssHC  ir.  watts  or  jcules,  a r.. 


output  signal 


in  volts  ci  amperes. 


775  in«4( 
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& 


Ir  *orK  ol‘  thf‘  ■■»°ciulatr-.i  i odiant  flax,  the  input  signal  most 
ir.'iuoRtly  is  determined  i»y  ■ fi-ctivn  (ewer  coefficient  * (in  watts), 
‘ ‘ " ‘ y t h 3 effective  valu>  of  volta^/tt^s-s  of  V (in  volts). 


Fa<je  in. 


i ..  conversion  -ac  ’ >i  i . call  c- a t he  volt  — watt  or  vo  1 1 a 


ser.it it  tv  j t y 


c _ JL_ 

o - r 


.1  input  rtjn.il  is  • mi.  -ior  in  puli  ■ who.;-  energy  is  expressed  it. 
' ’ ‘ f >ijna.  is  'i  ’ • tritici:  freir  the  jdxiuiu.n  value  in 


volts.  Tt.p  conversion  faotoi  duririj  pul. 
vcl*  i;-  sensitivity. 


.e  lrratii.c  ion  is  called  pul.;. 


c u not  ion  3 (t  ) can  be  decomposed  into 

s (/)--=  j S (f)  e2wfldf. 


Fourier  integral  [12]: 


wn.-re  :j  <f)  - spectral  vclt  sensitivity; 


f is  frequency. 


"••e  7 v 3 value  of  tb<  noise  of  T FI  Vp.  Noises  are  called  the 
iif-jun:  ! i st  urha  r.c  Vp^i  t urhat  ions,  which  appear  in  receiver  ir.  thr 
>*  signal.  Noise  sets  limitations  on  lower  boundary  of  the 
s igr.  al. 


lie  t‘>Ct  . • 
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■Since  the  mean  deviation  of  the  fluctuating  value  f r o» 
equi  librium  val  ue  an  averaging  for  sufficient  ly  large  time  interval 
is  t junl  to  zero,  tho  mcst  important  characteristic  is  the  u >an 
ignore  o'  noise  or  s juar-=  i co+  of  this  value  [17], 

The  threshold  or  sensitivity  of  I'll  in  ♦ he  icreral  case  is 
limited  *o  three  forms  cf  reiser,  fundamental  ;y  its  nat  ur  ■*  f6 

1-  v thermal  or  Johnscn  noise  , caus  o r y th*  fluctuations  of 
charge  carriers  in  resistance  nr.,  which  .1  c ..  »t  doper,  l or:  t materii 
cf  receiver. 


JL  Dy  the  rad  iat  ion  cr  rhetor,  noises,  ,i?t<  t mir.e  i ly  tie- 
in  st  intaneous  fluctuations  or  the  riura  o k photons,  which  ,ir*> 
emitted  ly  radiation  source.,  at  * •.  ■*  liven  instant.  Padiatioi.  nois-»r 
appear  also  from  the  emission  or  the  background  of  the  which  surroun 
receiver  oh  ject/sub  j acts  (housing  of  receiver).  For  a reluct  ion  in 
♦hi;  ♦y;ii'  of  noises  the  housing  of  receiver  cools  and  utilize  ♦lie 
optical  filters,  inswept  the  spectral  range  of  emission/ra diat ion  to 
the  sp -ct  ral  interval  of  the  oource  bcirg  investigat’d. 

1.  ?y  vhe  temperature  noises,  connected  with  temperature 
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f 1 uct  uat tors , which  appear 
be  it  exchange  between  Jtn.;i 
nvironmen  *.  Ir  this  case, 
conductivity  and  cor.vecticr 
e«i«. -,ion/r  udi  at  ion  , the  ten 


irtc  TP  I iur  to  tiip  statistical  nature  of 
n*  element  cf  receiver  an.]  the 
-i  * be  ‘-ea*  ex  change  because  of  taermal 
ir.  small  and  in  essence  is  ieterminod  by 
" •-  r a t u i noises  ji  t identical  radiation. 


It’.'  . 71  r sometimes  t her  .•  ai  ►?  noises,  w nicn  are  not 
ma  can  be  removed  by  improvement  in  technology  of  obta 
'•  ' '«<*  *”  ! l'¥  the  construction  of  i iceiver.  These  are 
■icrophonic  noises,  the  noises,  which  appear  as  a i 

cool  in. , iluid  ill  cryostat,  js  clever  rej  alarization 
'errnelf'ct  ric  receivers,  etc. 


rundamr-nta  1 

ini  ng  sensin'} 
cur  re nt  > nd 
t or  bo i 1 i n g 
in 


r i if 


.s  a nee  oi  the  noise  source:,  enumerated  ubevt  iii>  statistically 
pendent,  the  Bean  square  of  noise  is  the  sui  of  t ht  mean  s qua r< 
of  its  components. 

r'<*  threshold  or  response  of  TPI  (the  equivalent  horsepower  of 
noises)  is  ietermir.  ed  by  the  amount  of  the  rate  of  flow  of 

«-'iri,  ; ion/r  adiat  ion , which  creates  in  sensing  transducer,  equal  in 
Jdqnitiile  to  the  R MS  value  or  its  noise.  Virtually  the  threshold 
sensitivity  is  equal  to  PUS  value  bag,  divided  into  conversion  tactoi 
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(vo]--vraft  sensitivity) 


Th<-  t hr*'., hoi  i of  sensitivity  oi  ••  ought  not.  to  identify  wit!  the 
minimally  detectable  aerial  input.  The  latter  can  be  determined  witri 
different  ieqree  of  reliability  in  different  signal-to-noise  ratios. 


(1.3) 


Threshold  of  sensitivity  (capability  for  letection)  is 
introduced  by  Jones  into  19SP  and  if;  t he  reciprocal  value  cf  t ho 
thresholi  of  sensitivity  [4]: 


(141 


Jones  noted  thit  the  threshold  of  sensitivity  as  receiver 
response  suffers  one  logical  ..{<  i ici^ncv/1  ick,  which  consists  in  the 
f act  t-  hat-  than  the  receiver  is  : 'tti  r,  th--  lower  its  threshold  of 
response.  Threshold  sensitivity  as  parameter  iy  free  from  this 
defect.  The  more  t.  h 1 parameter  .55,  the  more  signal-to-roise  ratio  it 
is  reached  at  the  given  receiver  at  the  f ixcd/recor  led  radiation 
flux. 


Tl  1 threshold  of  sensitivity  from  energy  is  defined  a; 
sign al/noise  to  energy  of  input  pulse  E: 


i 1 1 io  or 


A = — 

I i*  ■ r 


(I  5) 


va  l u 


roc 
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111.  T.ixiu.uir  value  A is  cl  aractf-r  izeii  according  to  Jones  [ 1 2 1 bv  t h< 
i t:  1 a*  icnsh  i p/ra  t io 


(An,,,)-  - 4 \ \r/nn\-<ij 
o 


(i  <>) 


5;.  Ttral  sensitivity  in  3 ( x ) „ Signal  it  tna  output/yiold  of 

TPI  in  pn  iciple  must  not  depend  on  wavelength  X the 
* ii  i:  ;i  on/i  a 1 iat  i »n  of  source,  if  receiver  is  ccvtr-'l  with  * he 
ru'.Oan,:-  , which  completely  .rsons  iss  ion/ra  di  it  ion  at  all 
wavele:  ;t  hs.  Unfortunately,  the  absorbing  coatings  are  non  select  i »» 
cnl  y i <il  1 spectral  int-  tvals.  The  spectral  sensitivity  of  TPI  i .• 
ferine!  is  impendence  of  corvcu  si  cn  factor  on  tin  wavelength  of 
r •.  i r i n * f 1 u x : 

5 — 5 ().).  (I  :) 


Fane  12 


The  zonal  sensitivity  of  TPI  characterizes  its  coefficient  of 
conversion  in  the  different  sections  of  sensor  durir.  j irradiation  bv 
the  iig;,t  probe  whose  size/dimcr.sions  are  considerably  less  than  tl 
si  ze/d  ine -n  siens  of  the  receiving  area/site: 

S = S(jt,  y)  0 8) 

Sensitivity  on  th?  receiving  area/site  cf  receiver,  as  a rule,  is 


iH’f'  = T70  1v)d4b  p A « ; F 

It 

roivir  ifor*.  :f  t.ie  iiolor  otors  ot  t ho  zone  n sersor,  the  close  to 
convict;,  i r having  'PTjera'uro  lower  than  maximum,  possess 
nn  •:  •'  i :•  - i t - 1 sensitivity  f 2. 1 ].  The  investigations  of  record  v=»a  rs 
5 jn  work  in  the  mod  u la ted  euiissicn/radiation  the  zonal 

i v t v of  ther  mal  element:-  is  disc,  nonun  if  era  due  to  more 
tovTfnl  t her  nidi  conductivity  ii  t.o  area  cf  joints,  than  between 
g c i r.  * s . ' -‘si  lies  the  basic  reasons,  which  1 : i i tc  the  nonun  i for  nit  y 
sensitivity  !ue  to  receiving  aroa/site,  are  possible  the  local 
her  i.rog  ?r.  o it  ies  or  material  of  sensitive  cell /element , that  affect 


receiver  res pon s ss . 


Tim  - constant  >„  TFT.  Th>  ::  her  oner  ological  time  constant  of  TP 
is  1-t  reined  fro®  its  a rop 1 i t uc  • - t re  ruenc y characteristic.  If 
ar.  pli  t ii<3' - f requenc  y characteristic  or  "FI  it.  is  possible  tc 
ap  prox  i mat  ■>  tha  curve  of  fort  fa] 


S(f)  - 


(i  +<«,i'i)n-5 


(1  9) 


that  t.nie  constant 


t (2  nf„)  = 


V'3 

*n^o.s 


(I  10) 


*..•  r ' 1 0 is  -he  frequency , at  whicn  S (f0) 
frequency,  a*  which  S (r^s)  = C.r  ,T0. 


ct  i.  /I  s 0 ; fg  s - the 

r 


e more  fundamental  determination  of  the  inertness  of  receive 
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ft 

is  *..o  rim.1  constant  on  threshold  sensitivity,  introduced  by  Jones: 


02 
* max 


4 I .7/ (/)<// 

6 


11.11) 


I :i  this  case  t,  does  act  } on  the  frequency  characteristic 

cr  amplifier  and  is  in  this  sense  invariant. 

Vsrles  pheno  ;nonolo  ; ica  i * im*  constant  s f cr  tne  ealeu  laticr.s  cr 
7;’ . (s-t  eci  rica  1 ly,  bolometers)  , is  utilized  t hr  physical  time 
cor.  'ant,  *"  inal  to  the  ratio  < t heat  capacity  of  t h-r  sensitive 
ce  11/elei-ent  to  the  coefficient  or  Scat  losses.  rtork  [7)  shows,  that 
i r.  ’•  y n a.Ti i c behavior  ; f fee t i v*'  t ..<?  km  t ca  p.aci  t y and  the  coefficient 
ct  hea*  losses  are  the  complex  rurct  lens  of  the  » ocular.  ion  frequency 
of  r id  la*  ion  flow. 


Fa  ge  13. 


Therefore  the  terra  physical  time  constant  leses  meaning. 

ivor<-  logical  is  the  introduction  of  the  ccrcept  0f  the  factor  of 
the  inertness  of  TPI,  equal  to  the  r.a*ic  effective  heat  capacities  to 
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This  parameter  is  cor.vet.iont  for  the  calculations  of 

am  pi  it  ude— frequency  and  phase-  f reguency  characteristics  of  TPI. 

Ex  per  i mental  1 y the  parameter  r («)  at  sinusoidal  modulation  can  he 

determined  >y  angle  measure  iron  t t> , which  characterizes  nhase 

displacement  between  t h*  radiant  flux  and  the  signal,  which  appears 

in  receiver  during  irradiation: 

x ((,»)  = ts  «(■/«:  ' 1 1,') 

ip  = arc  te  t ((•>)  • <»  (1111 

where  v = v>  (u>)  - phase- freguc n cy  characteristic  of  TPI. 


Dynamic  range  ofTPI.  L [8]  is  determined  by  the  relation  of  the 
maximum  power  coefficient  (energy)  of  radiant  flux  W,m*  {E„,  x)  in  the 
range  of  the  linearity  of  amplitude  receiver  response  to  threshold  of 
re  sponse ; 

I _ * (/;"ia*>  (1  l 'h 

~ :7>  (A)  v 


f7.  Bases  of  the  thoory  of  thermal  radiation  detectors. 
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The  threshold  of  response  cf  TPI  in  general  form  can  he  written 
as  follows: 

9 = \W'i  + e.’jS'1  4-  riS'  T'\ 


<1. 


where  H7;  is  the  mean  squarr  oi  th>  fluctuations  of  the  power  of  hejt 
flux,  caused  by  radiation  or  * . -r -er ature  noises;  i>  and  -■  is  the 
meat,  square  of  Johnson  and  supplement  ary  interferences  respectively. 


ot  the  ideal  thermal  receiver 


W;  > >}S 


-•  F 


All  effort /farces  of  developers  are  directed  toward 
in  vest igat ion  ot  the  possii  ilit i os  of  increase  in  the  conversion 
factor  S a decrease  in  the  value  of  Johnson  and  supplementary  noises. 
If  supplementary  interferences  can  l e excluded  ly  the  rational 
selection  of  technology  oi  tie  production  of  receiver,  rher  Johnson 
noises  are  fundamental  by  their  nature  and  are  inherent  in  all  TPI, 
with  the  exception  ac:o usto-opt  ical . Inequality  (1.17)  is  fulfilled  at 
present  rot  for  nnt  of  the  TPI,  and  te+ter/hest  TPI  at  least  by  an 
cr  h r worse  on  the  threshold  of  response  of  ideal  thermal  receiver. 
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Eaye  14. 

The  calculation  of  Tf-i  consists  ot  the  determination  of  the 
composite  coefficient  cf  the  conversion,  which  makes  it  possible  tc 
si multnneo  usiy  determine  amplitude-frequency  and  phase-frequency 
receiver  responses,  if  we  assume  that  arc  jtsont  the  supplementary 
noises,  then  it  is  not  difficult  tc  find  its  threshold  of  response. 

There  are  two  approaches  icr  calculation  of  l'Pl.  In  the  first 
case  TIL  is  considered  as  system  with  the  concentrated  constants  [2, 
6,  20,  27  2d,  83].  Solution  to  the  equation  ot  thermal  equilibrium 
for  sensing  element  ot  the  receiver,  irradiated  by  radiation  flux  ana 
cooled  caused  by  thermal  conauctivity  and  intrinsic  emission,  makes 
it  possible  to  determine  the  conversion  factor  cf  receiver. 
Examination  of  TPI  as  lumped  systems  can  re,  fer  example,  is 
justified  only  for  a vacuum  metallic  bolometer  C.  1-0.5  p thickness  in 
t n e ra*io  of  the  length  ot  sensing  element  1/  to  its  width  b,  which 
exceeds  10-15.  For  another  Til  this  assumption  is  erroneous,  and  the 
ca leu  lot  ions  lead  to  large  with  errors  cr  tc  incorrect  results. 
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I r.  the  second  case  the  icceivti'  is  characterized  by  the 
d xSt  r i out  e d par  a me  t crs.  On  1 1.  is  rasis  is  constructed  the  dynamic 
theory  or  TP  I,  which  considers  volumetric  ncu  un  iior  mit  y of  the 
distribution  in  sensing  element  oi  receiver  and  its  lmtient  medium 
V.  • ■ • e5,  2o].  The  basic  link  in  the  calculation  is  the  solution 
to  the  three-dimensional  nonhomogeneous  equation  cf  form  [25] 

= kVieCr,  t ) + A0(r,  /)  f B,  (1  18) 

where  0 (r,  t)  is  a temperature  increment  during  irradiation  in  any 

feint  cf  TPI;  k - the  coefficient  or  thermal  conductivity;  A and  B - 
values  which  depend  on  the  construction  of  TPI,  iron  the 
t her  me j h y s ical  and  electrical  [roperties  of  the  material,  from  which 
is  made  the  receiver,  ana  the  circuits  cf  its  ccnnectioti/i r.clusion. 

for  determining  the  signal,  taken  ft  or  TPI,  is  necessary  the 
calculation  if  the  mean  ten; -^rat  ur?  increment  cf  sensing  element  by 
volume  v 

6(0  =p  (0(r.  t)dr.  (119) 

0 

On  the  average  temperature  increment  6 (t)  it  is  possible  to 

determine  the  composite  coefficient  cf  tr  a ns  f or  ira  t ion  of  TPI.  In  a 
numret  of  cases  the  determination  of  the  average  temperature 
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increment  on  the  strength  c£  thi  symmetry  ct  problem  is  reduced  to 
the  solution  to  the  one-u  inersicr.a  1 equations  of  thermal 
cor.auc*  ivit  y. 

Dynamic  theory  of  TF 1 still  it  is  not  poseii le  to  consider 
final-  Series  of  prcbleos  is  rclvec  under  the  simplifying 
assumptions-  For  example,  upoi  consideration  of  boundary  conditions 
it  i„  assumed  that  the  radiation  leaser  art  ch a t act er i zed  not  by 
Sti  pha  r.-Eo  it  nmutin  law,  rut  ly  Ft  (.ton's  simplified  formula. 

Tage  1 c>. 

Ait  possible  ether  methcas  of  tap  calculation  of  TPI , in 
particular  bolometers  [27,  34,  ig,  4 1].  In  work  [27]  is  constructed 
tin.  phenomenological  theory  or  lolcmeters  in  their  examination  as 
ct li/e  dement s of  electrical  circuit.  It  this  case  it  was  assume!  that 
t iit  characteristics  of  bolometer  remain  adequate  torn  during 
irradiation  of  it  i y radiation  tlux  and  during  scatt^riig  in  it  the 
[nktr  ot  the  Joule  loss  of  the  same  value-  on  the  measured  dependence 
of  resistance  o f bolometer  h on  currant  3 it  is  possible  to 
t a t c/eot i m at e the  Lasic  parameters  ot  the  prepared  bolometer  at  this 
operating  point,  not  by  nvi-  of  rajiatren  measurements,  and  if  the 
noises  of  bolometer  are  assumed  Johnson,  then  it  is  possible  t c 
determine  threshold  of  response. 
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»<.:  will  consider  the  different  foiuo  cr  thermal  tddia*ior. 
detectcr^- 

SjJ.  bo  lome  ters. 

Bolometers  ire  utilized  in  metrology  atout  100  years,  bur  also 
now  because  oi  the  new  successes  in  their  development  are  promising 
IP  I. 

The  action  of  bolometer  ii.  the  general  case  is  cased  cr.  a chang 
in  its  impedance,  which  leads  to  modulation  of  the  stress  in  the 
electrical  circuit,  in  which  is  included  the  bolometer.  Are  Kr.cvn 
metallic,  semiconductor  and  dielectric  (among  ether  things 
ferroelectric)  bolometers.  leper,  ling  on  the  selection  of  operating 
temperature  distinguish  the  uncooled  and  ceded  (cryogenic) 
bolometers. 


"•tdll.c  bolometers  (3C-t>7]„  The  temperature  dependence,  of 
resistance  of  metallic  rilm  w as  Uoid  fet  the  creation  of  bolometer. 
The  best  results  were  ottained  with  nickel  [37,  40,  42,  44,  63,  6b] 


DOC 


770  2C  346 


PAOfc 

ar»d  hi.  mar  h [JO,  31,  J 3 , 35  , 5 1 , 54,  57  , 58,  5S,  61]  bolometers, 
although  gold  [ 3rt,  5^,  63]  a r: d platinum  [20,  3*,  36]  were  close  to 
them  i the  parameters. 


Ba^ic  during  the  development  of  metallic  tclometers  is 
technology  of  obtaining  the  lamellar  ce 11/eieme nts,  close  in  their 
physical  characteristics  (mainly  in  the  value  cf  temperature  specific 
resistance  to  the  massive  specimen/samples  also  ol  the  not. 

yener  i *■  i r»  q supplementary  noises  during  the  passage  of  the  current 
throug;;  the  film  and  through  t i.<-  contact  with  holder.  The  aralysis  or 
worxs  lor  the  latter  or  20  years  [21]  showed  that  the  optimum 


thickness  of  bolometric  cell/tlement  is  0.07-0.15 
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Fij.  1-2.  'undamen t al  circuit  diagram  o t metallic  ccLotrete  l. 


ri  j.  1.1.  Equivalent  replacement  schemt  of  metallic  bolometer. 


Ea'je  16. 

Sensi.Kj  cell/elements  ar«-  utilized  either  in  the  form  of  film 
which  are  found  in  free  state  ci  they  are  spray-coated  to  the 
support/base,  which  possesses  heat  capacity  smaller  or  by  that 
comparable  an  value  with  the  heat  capacity  of  sensing  element. 
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Fundamental  circuit,  diagram  arm  the  simplified  equivalent 
replacement  scheme  or  metallic  bolometer  (temperature  coefficient  «c 
> C)  a i given  in  Fig.  1.2  and  1.3  [5,  27].  The  effect  of  radiation 
absorption  by  bolometer  is  .epiesenteu  in  the  ferm  of  current. 

generator  ir,  connected  in  caLallel  to  resistance  /?,  and 
capaci^ance/capacit  y C,.  with  z„  = - 


r 

■2R-J 


’ R,  2 R [aJtR  )' 


c,= 


2acT2/?2  ’ 


(1  20) 


«here  r,  - tne  coefficient  or  heat  losses;  c is  heat  capacity  of 
bolometer,  by  using  equivalent  ciicuir,  it  is  possible  to  determine 
conversion  factor 


|S|  = 


nclR 


G„  (I  + wJi*>0-5  ’ 


(1.21) 


C,„  - t = 

where 


G — *'TR' 

’ K-  - - I'his  oOlution  is  coritct,  when  bolometer 
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fotsosjCo  o in-  time  constant  arc  identical  temperature  on  sensing 
element,  f cr  example  for  the  vacuum  bolometer,  wren  relation  l/b  j> 
» 10. 


More  precise  calculation  .jives  the  dynamic  theory  of  bolometers 
[7,  19,  xl  , 23-25  ].  the  threshold  cr  response  ct  metallic  bolometers 
can  re  written  in  the  form  [21]. 


lGKn  t0AJ\\f  \ {M\TR\[)S- 


_ 7' 

+ r — a/ 


. (1.22) 


where  K - is  constant  of  stefana  - Boltzmann;  <n  - Stephan’s 
corstar.t;  f'»  - ea  issi  v i- y . Thu  first  Cdiiot  in  expression  (1.22)  Me 

characterize  the  dependence  or  tic  t ni  csiiolu  oi  response  of  bolometer 
cn  radiation  noises,  and  the  second  - c r.  Johnson.  The  value  of  the 
third  term  depends  on  technology  or  the  production  of  tnin-frlir 
cell/element,  its  thickness,  method  of  joining  with  nolder  and  can 
change  from  one  copy  to  the  next.  Fy  the  rational  selection  of 
techrolo jioal  operations  with  t he  * hicknesses  ct  sens in  j element  of 
approximately  0.1  p it  is  possible  in  order  that  the  additional  noise 
would  i.ot  exceed  Johnson  ana  temperature.  Ix  supplementary  noises  are 
small,  dynamic  theory  makers  it  possible  to  calculate  the  basic 


DOC 


77020846 


rflct  ac 


laraniptru  or  bolometer.  The  calculations  ate-  in  a joog  agreement 
with  exp  nr  i incut  [7,  19,  21,  25], 

Composite  con  vorsicr.  iactoi  s can  te  mitten  in  canonical  fort. 
(7-H)  ny  replacement  G0  and  by  *r  with  an  equivalent  cocff  icier.t  of 
hea*  losses  of  G ( u>)  and  by  iactoi  of  inertness  r (u)  , which  are  the 
complex  functions  cr  modulatiui  frequency- 

Fage  17. 

Dynamic  theory  explains  why  tolom-r-tt-r  :t  is  net  possible  to  describe 
by  one  time  constant,  is  which  the  character  cr  the  iistr ihution 
according  to  sen^irj  element  at  dittereut  ncduiation  frequencies  and 
is  wmen  the  optimum  selection  ot  the  geometric  and  tnermo phys ical 
characteristics  of  trie  high-speed  Loloireter.  Although  real  bolometer 
it  is  no*  possible  to  describe  ay  one  time  constant , for  the 
comparison  of  TP1  and  for  the  calculation  or  radiation  instrument 
convenient  the  amplitude-frequency  characteristic  of  bolometer  to 

approximate  ay  curve,  described  by  expression  (1.9)  with  the  constant 
ct  time  which  will  subsequently  riqure  as  in  tables. 

It  the  noises  or  bolometer  in  essence  Gohiton,  then  as  the 
factor  o!  juulity  or  the  material  of  bolometer,  according  to 
expressions  (1.21)  and  (1.2a),  car.  serve  value 
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T ho  spectral  cha racter  ist ic  or  bolometer  is  act.  armined  by  the 
select  ior  at  the  atborbing  coating,  i.t.,  tcatures  ( F - 1.4).  To 

selection  cl  the  optimum  re  lat  i cnsi.i  p/ 1 at  1 o bet  been  the  thicknesses 
cf  blacis  and  sensitivity  ate  dedicated  [it;,  681.  Work  [ 88  ] shows, 
that  i:  advisable  a decrease  lr  tat  thickness  cl  metallic  film  less 
than  0.07-0.  1 p , since  with  rote  thin  tiliiis  the  heat  capacity  of 
boloire*«r-i;  in  esser.c.  is  ietti  aimed  by  the  heat  capacity  of  biaox, 
additional  noises  gtow/risc  and  the  temperature  coefficient  of 
resit*- nrce  ac  tails. 

M-  tallic  bolometers  possess  non  uni  form  zonal  sensitivity  f 7,  8, 
18,  /C,  (>0 , 63,  84  ] on  sensor  (Fig.  1.5).  with  an  increase  in  the 
length  o:  -..'rising  clement,  and  also  with  the  decrease  in  its 
thickness  the  nonuniformity  decreases  [19].  The  boundary  effect 
conn  ec  to.,  with  cel  turn  increase  i:  the  zonal  sensitivity  near 
contacts  with  at  iricroas-  or  frequency,  is  caused  themes  that  tor  the 
given  modulation  frequency  is  a optimum  coefricient  or  heat  losses, 
ty  which  volt-watt  sensitivity  is  maximum  [ c,  21]  and  which  it  is 
determined  by  the  relationship 


Gonr  («)  ~ wc  («). 


(1  24) 
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At  low  frequencies  the  maxirnuu  or  zonal  sensitivity  is  located  in  th-* 
center  of  strip,  while  with  higher  frequencies  it  is  moved  to  the 
contacts,  where  the  coefficient  of  heat  losses  is  more. 


The  threshold  sensitivity  of  bolometers  is  improved  during  the 
siz--  decrease  of  receiving  ar<  a/site;  however,  rot  always  according 
to  the  law  Ao5  [22], 


ncloaeters  are  the  most  h i jh- ssp.ee  d receivers  among  TP1,  with  the 
exception  pyroelectric,  figure  1.6  jives  the  a n pi it  ude- frequency 
characteristic  or  gcLd  bolometer  in  pressure  dependence  of  helium  in 


t ahk/1  ot  tie  £52].  Calculation  or  t in  high-speed  bolometers  for  a 
thermal  replacement  scheme  (t-iy.  1.7)  is  given  in  works  £ 23,  24  ].  In 

isess  uniform  ampl  it  ude- f requency 

igtied  r r<- 

the  following  conditions: 


that  the 

bolometer  wculo 

J OS 

t .:-r  i st  ic 

in  the  assigned 

i re 

, ,u  , *5 


(125) 


Experimentally  [d]  confirmeu  the  correctness  or  relationsh ip/ratio 
(1.25)  . 


The  mod e/cond itions  od  tr.<  work  cf  bolometer  with  tae  assigned 
design  and  at.  pressure  in  container  depends  on  the  selection  of 
operating  current.  Typical  for  metallic  bolometers  static 
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character i sties  are  given  in  tig.  1.  8.  Dependence  R = t (Q)  makes  it 
possible  tc  rate/estimdtc  the  dynamic  range  of  bolometer  L.  By 
Knowing  dependence  of  R * 3 (7).  and  also  B = P (T)  , it  is  possible  *0 
determin.  optimum  the  operating  current,  with  which  , 2 T0 

(Tc  - ambient  temperature)  and  the  threshold  at  response  reaches 
minimum  [61. 

ft' t til  ic  bolometers  are  lew-resistance.  Therefore  the  yue-sticr, 
cl  their  agreement  with  measuring  circuit  is  or  independent  interest 
f b,  t>9-7<)].  Figure  1.0  G-  picts  t he  pcssiole  circuit  diagrams  of 
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Fig.  1.9a). 
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-•>-  Amplitude- frequency  characterist  ics 
Jiitt  rent  pressures  ct  Ulium  ir.  tank/fcct 


S . nJi 


I p 760  pm.  cm . : j?  . p 
■"«  -fO  .*<*(  pm.  rm.;  .7—  p .1  mm  pm.  rm.; 

4 — p **  10  v.wpm.  cm. 


/ 


/Ol  /?) 


Z4 

Pn>  cm  mm*} 


*r.Cf 

#,c 

*,,c. 

*3  Xt 

yJ/' 

AA 

T 

; 

L*~ 

l-rf4-*- 

^ a,  J 

- liie  thermal  analog  simulator  cr  the 


ie-ctnc  constant 


dii  le ctric  supfort/base; 


ct  go  Li  bolometer  at 
tie  [52]: 


metallic  bolometer: 
ChE  - sensing  elemen 
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t - he^t  withdrawal. 


Page  10. 

T at'  total  mean  square  of  t no  noise  of  the  f reampli  tie  r,  led  to 
th<  primary  winding  of  transformer,  and  the  noite  of  the  b rid  jo  of 
bolometer  is  equal  to 


(120) 


where  e’n,  f % and  e-  - the  mean  squares  or  the  noises  of  the  bridge 
of  bolometer,  transformer  dr.  i lamp  respectively;  A\c  ( f ) - the  factoi 
or  amplification  or  transformer  at  operating  frequency. 

With  the  use  or  transformer  with  sufficiently  small  inherent 
noise  ana  sufficiently  large  amplification  lactcr  it  is  possible  to 
achieve  that  the  total  noise  will  U ir.  essence  determined  by  the 
noises  or  bolometer.  To  the  calculation  and  the  construction  of 
transfo  rers  with  optimum  rrequcncy  and  dimensional  characteristics 
are  dedicated  [8,  7 1,  72]. 
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The  widest  use  received  bridge  circuits  (see  rig.  1.9b  and  e)  , 
although  at'*  possible  in  principle  the  circuits  with  separating 
ca p aci t a rce/ capacity  (see  Fig.  1.9c)  and  with  the  compensa tion 
constant  component  in  the  primary  winding  cr  transformer  with  the  aid 
cl  battery  E,  (see  Fig.  1.9G).  Tim  selection  or  the  optimum 
l elation si  ip/ratios  in  the  bridge  oi  bolometer  is  examined  in  [40, 

66  , 7 3,  76], 

During  the  modulated  irradiation  in  the  car.:  or  the  supply  of 
direct-current  bridge  along  with  the  bolometers,  which  possess  the 
working  and  compensative  til.r.s  or  gual  resist  arc*  , are  utilized 
single-film  bolometers.  By  working  with  asymmetric  bridge  (R2  = nP,: 

, Rx/n;  [<  * = Rj  ) , it  it  pos^iblt  to  it  its.  the  coefficient  of  its 

transmission  to  unit.  Analogous.  iv.  u it  :•  can  i.e  obtained  ny  making 
working  and  compensative  nil®  wit;,  different  resistance  [ b6  ]. 


wit:,  the  supply  or  the  bring-.  Ol  hclonetor  ay  alternating 
current  (see  Fig.  1 . 9 f ) for  the  purpose  of  a decrease  in  the 
imbalance  of  bridge  and  improvement  in  the  woik  of  measuring  circuit 
the  nonoperative  film  of  bolometer  is  led  to  thermal  contact  with  the 
ccxr°n sa*i ve  cell/elt men t , through  which  is  realized  the  feedback, 
he  lat  ionsh  ip/ratio  cl  ratic  arms  following:  Rx  = d?  and  r<3  = R„,  with 


» • ( 
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"*  ThC  dtdtic  characteristics  oi  the  nickel  bolometer:  F 


* F C 

73  ..  Py  asterisk  is  noted  value  ?«("<?„>. 

ponding  to  the  "intir.itc"  heal 


3 (7).  p = a <Q)  , where 

^sponding  to  the  "int 
-aiy  ot  its  st anility 


ln'J  ot  tolcicter  - to  the 


(1)-  tel.,  units.  flOlV- 
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X adulation  oi  era ission/rauiat ion  during  the  usp  of  si  ng  1^  — t i 1 m 
lolometer  brings  k 50o/c-achc  to  t ho  pewpr  lost  ot  radiation  flux. 
Iht  bridge  circuit,  which  consists  or  four  sinyle-rilm  ool oseters 
[ad-  i it).  1.  9d)  , makes  it  pecs i Lie  t.n_  deficit  rcy/lack  and  to  Lais,- 
rwo  times  threshold  sensitivity  {>♦«].  The  alternating  irradiation  of 
opposite  ratio  arras  also  decr<  os».->  *•  ii ♦ faults  of  measurement  of  the 
low-level  radiation,  connected  » i t a change  in  t he  temperature  of 
wodula * ji - 


f ’t'lllic  bolometer widely  ir  a p [ li  e u in  me t r oloy  y for  the 
era irsica/r udiat ion  or  the  h-  it  fluxes  ct  cumulative  effect  - 

radiation  and  convective,  f ci  . xumpi  , during  the  determination  of 
th-  t i mo/t  era po r ary  dependence  - tie.*  •nergy  losses  of  plasma  [ 45,  47, 
«*9,  50,  55,  56,  62]. 

Semiconductor  nolora*-  t>*  r-  t 77-  10,  ].  Tht  temperature  coefficient 
cr  resistance  of  semiconductor  materials  by  an  order  is  higher  that 
cf  metals.  This  was  one  of  the  reasons  for  tne  creation  of 
semiconductor  bolometers  on  the  oa-is  cf  oxides  ot  nickel,  cobalt  ana 
manganese,  and  also  of  the  films  of  germanium  ar.d  silicon. 


The  thicknesses  of  sensing  elements  of  seir iconductoc  bolometers 
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dVr  • 0 p.  During  a decrease  it.  t h ■ thickness  cf  the  layer  appear 
laLg*  tin  rent  of  noise,  which  leads  to  deterioration  ot  the  thcesbol 
sensitivity.  But  i r.  spite  of  the  fact  that  the  semicond  uct  or 
bo  lotae*  •_  is  possess  large  he  at  capacity,  their  vclt-watt  sensitivity 
10-1.10  t.ia;es  higher  than  of  riu  metallic  udometers,  which  work  at 
[ocj>  t m ;>e  rat  ure.  l or  a decrease  in  the  inertness  sensing  elements  _> 
sen iconduc tor  bolometers  are  located  in  thermal  contact  with  massive 
t u [ per  t/t  ase. 
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hi'j.  l.'i.  circuit  diagrams  ci  tie-.  low-u^i.  t-inct  bolometers:  a) 
bridge  w i ♦ ,.  jalvanotretei  ; i)  d i i - ct-cm  ren’  bridge  with  tlie  raising 
ti  arsfutmi  r ; c)  circuits  a jjri,  p ara  t in  y capacitance/eapacit y ; d) 
*■***•  cor.pr  nsat  ion  for  the  cn:.  cant  coii.pcn>.-  i.t  in  ti.e  primary  winding  01 
ti  ai.  . f iTKft ; e)  the  alternating  irradiation  ot  opposite  ratio  arms; 
f)  alternating-current  bridge  with  trarsfoiaer  an)  with  the 
co  a r«*r. . a " i on  (kOe)  ioi  the  imbalance  ct  bridge. 

K»  y:  ( 1 ) . Amplifier. 


T r.  schematic  electrical  diagtan  ci  scjiccr.iuctor  bolcmetei  aid 

the  equivalent  circuit  cf  its  substitution  [5,  27]  are  given  in  Fig. 

1..  10  and  1.11.  Unlike  metallic  uolometei,  tne  effect  of  effect  of 

radiation  is  represented  by  the  equivalent  generator  of  emf  Er  with 
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(I  27) 


por  f ■><-  conve  rsion  fjctcL  of  semiconductor  bolometer, 
to  j ig,  1.  11,  can  L-  oLtauea  t he  expression,  analogous  (1 

for  d rhreshcla  of  response  - analogous  (1.22). 


accord ing 

21),  w h i le 


The  t aroshold  or  rccpcr.sc  of  semiconductor  bolometers  is 
approximately  directly  prcpcrtional  AS'5.  Decrease  in  the  value  cf 
receiving  irea/site.  is  related  to  the  complexity  of  the  creation  of 
the  optical  focusing  systems,  r or  this  purpose  vere  developed 
immersion  oolomete rs  [B7,  8c,  9 * , 102].  In  immersion  receivers 
sensing  element  is  located  in  cptical  contact  vit.h  the  lens,  which 
has  high  refractive  index-  The  calculation  ct  the  threshold  of 
response  or  immersion  receivers  is  carried  cut  in  work  [ 89 ]„ 
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I1  * - 1 7.  Fundamental  circuit  oiu gram  ct  sera ic cnduct or  oolometei. 


r i ..  ".11.  . ;u i val  i i. t i e ( lacement  scheme  or  semiconductor  bolometer. 


Pi  J - The  spectral  char acteristics  of  the  thermistor  bolometer: 

a)  unirsiecfOj  (window  K K.-5  is  5)  (see  f tt,  chapter  V]);  b)  immersed 
witu  y -c oanium  lens  [10.;% 


K*ry : (1).  with  black.  (2).  weight  of  black. 


t<i9»  22. 

Ir  rhe  threshold  or  response  or  receiver  is  net  limited  to  radiation 
noises,  then  the  efiect  or  immersion  makes  at  possible  to  increase 
call  crated  threshold  sensitivity  #>*  once,  whore  n0  - is  t he 

smallest  of  three  refractive  indices:  lens,  layers  and  sensing 
element..  The  practical  realization  of  tho  calculation  conducted 
shewed  that  with  the  size/dimensiens  cl  the  sensor  of  immersion 
lolomoter  0.1  x 0„  1 mm  it  is  possible  tc  obtain  gain  in  threshold  of 
response  into  J. 5,  time  wi+n  respect  tc  receiver  cf  receiving 
area/sito  1x1  mm  in  sizo/di mensicn , ether  conditions  being  equal. 
Tu%  to  reflection  losses  and  absorption  in  immersion  system  rt  is 
impossible  to  obtain  the  calculated  improvement  in  the  sensitivity  10 
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The  spectral  character  ist  ics  ox  u run  me  roed  and  immersion 
to lame  tors  are  given  in  Fig.  1.12.  it  is  pcssxtle  to  improve  the 
spectral  sensitivity  of  semiconductor  icloiret  e i s,  by  using  that  which 
absorb  by  coating  the  type  cf  gold  Slack,  divined  from 
highe  r-.  wpedance  than  this  coating,  sensing  element  by  dielectric 
layer  with  large  thermal  conductivity  [ SI  ]» 

Cooling  thermistor  boiciri  ters  dcwr  to  temperatures  210°  makes 
.t  possible  several  to  ircrcast  tie  st  a ndatdized/ normalized  threshold 
sensitivity-  The  compact  device  wita  t hertucelectric  cooling, 
desenred  in  work  [93,  c,7  ],  mates  it  possible  tc  obtain  value  = 

( - 8 • W'-»  (cn.  • Hz1/?)  / w. 


Semiconductor  bolometers  are  applied  mainly  in  instruments  for 
the  measurement  or  ti.e  total  Ladiunt  flux:  m radiometers  [H5,  46], 
in  solu l thermometers  [SO,  S8]  and  in  tie  scanning  image  converters 
f 86  }.  Abroad  the  thermistor  bolometers  wider/  ate  utilized  as  sensors 
in  the  orientation  system  of  spacecraft  [87,  92]. 

Because  of  hign  internal  resistance  tht  agreement  of 
semiconductor  bolometer  with  measuring  circuit  is  not  represented  as 
complex  <is  for  metallic  bolometers,  and  together  witn  electron-tube 
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l+jii  - l«  1 3 depicts  the  a mpi  i t a Jc--£r  eg  ae  nc  y characteristic  of 
in  Bt-tsicn  bolouieter.  while  Fig.  1.14  - the  distribution  of 
sensitivity  according  to  the  ar-  i/bit.  cf  ct  1 1/element  [79], 
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Page  2 3. 

Cryogenic  bolometers  [94,  9o,  103-159  ].  Ccclinu  sensing  elements 

cf  metallic  bolometers  leads  to  t.h-  rc-ducticn  ct  Johnson  and 
radiation  noises,  and  also  to  raj i a decrease  at  the  low  temperatures 
ci  heat  capacity,  proper ticiul  1 5 [ICS].  Ii  addition  to  this, 
according  to  the  data  [HO],  luring  a reduction  in  the  temperature  it 
decreases  the  component  cl  supilem  t.tui\  (current)  noise. 

For  a scries  of  metals,  which  arc  round  at  temperature  lower 

rt  f) 

than  the  Debye  temperature  (H^)  m tang*  from  _~i  to  grew/rises 

the  t e mpe  r it  ut  e specific  resistance  ac.  As  shewn  in  [109],  for  the 
nickel  plate  of  purity  S9.v9o/c  a*  the  temperature  of  liquid  oxvger 
value  ac  grow/rises  four  t inni  in  ccm.farison  with  room.  However,  in 
♦ hi  n layers  due  to  the  defects  oi  crystal  lattice  and  size  effect  ®c 
under  these  conditions  it  yiew/tises  net  ircie  than  two  times.  Cooling 
dour  to  the  temperature  of  liquid  nitregen  nukes  it  possible  tc  raise  ac 
[109]  and  to  improve  the  threshold  clta  r ac  ter  i s t ics  of  nickel 
Lolometers  more  than  five  times  [d,  120],  An  improvement  in  the 

threshold  of  response  during  ceding  was  estatl  ish/installed  also  foi 
geld  bolometers  [21].  According  to  t">h t data  [127],  during  cooling  ot.v 
should  expect  gain  in  sensitivity  for  iismuth  tclometers.  The 
calculation  of  cooled  platinum  bolometers  [fc]  showed  that  during  a 
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reduction  m the  temperature  no®  29G  tc  2CCK  it  is  possible  tc 

‘.et.rt.ioe  tne  tntoshcld  cl  response  to  ten  time  and  to  obtain  value's  :7> 

- 19~ 

o/hz'/jk  ana  r - 0-3  ms.  however,  in  practice  these 
ru metals  were  not  realized. 

Along  With  a mcnotcnie  improve  tie  nr  in  the  parameters  of 
Lolometers  during  cooling  ai.  portly  tie  cryogenic  effects:  the 
superconductivity  and  the  electrical  conductivity  of  the  small 

impurity  le  vels  of  the  semiconductors,  cn  t tie  basis  or  which  are 
develop  f>.i  TP  I - 


Tit 


threshold  oi  response 


o.  cryogenic  bolcmett'r  can  be  written 

in  the  t or  m . an  a lo  i ous  (1  i in*  . l i,  , ■ , , 

, a taujuus  ru  »iti  the  difference  in  th. 

which  characterizes  radiation  noises  [ 13b]: 


■ e term. 


( \K  TR \f)  S 2 + \KT!Ci,\f  i Htn"rKA0T:'Af  + 


ej  1 

d Aarl siu'-’Mf  i r *—  s 2 

/</ 
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The  second  term  in  expression 
connected  with  thermal  ccnduc 
medium  a*  temperature  Tcp  = t 
the  radiation  fluctuations  or 


(1.d“)  characterizes  the  noise, 
tivity  G between  sensing  element  and  the 
(big.  1-15)  ; the  third  - is  caused  by 
sensing  element  cf  receiver;  the  tourtn 


i 


LCC  = 770 

20d4t> 

P AO  i 

6* 

fig.  1.1S. 

Circ  uit 

or  cryogenic  bolometer;  - 

modulator; 

F - 

1 o 1 o in  t- : e r ; 

T » Tci" 

Tg,  - the 

temperature  of  tne 

lol  omete  r. 

medium  ami 

1 a C k c I e lit:  u 

res  pect 

ively  : He 

- liguiu  htliun. 

I a g fc  24. 

According  to  thr  cstablish/inst aliea  ttL a mology,  the  threshold 
cf  response  of  ideal  thermal  radiation  detector  kharater  izuyetsya  hy 
the  third  and  fourth  terns  ir  cxyresEicr  (1.28),  when  S - is  great, 
and  u - is  small.  1:.  cryogenic  TPI  decitasi  0 leads  to  *he  very  large 
inertruss  cf  receiver,  r-.ir.ct  i aoia*  ion  lor  res  at  low  temperatures  art 
small.  Therefore  in  the  ue  vt-loj  < d recti  wt;  thk  third  term  is 
considerably  lower  than  the  second  and  tnt  fourth,  it  T’g  $T  f136, 
13b  ]. 

The  high  temperature  specific  l--  .rstar.ee  cf  superconductors  it; 
transient  region,  approximately  10 ’-10*  tines  larger  than  of  metals 
at  room  temperature,  it  ciitw  tl.«.  attention  cf  t h<  developers  of  TPI 
into  the  period  of  the  Second  world  war.  Superconducting  bolometers 
ttciit  nitride  of  niobium  NbN  [I04-10b,  112]  were  the  result  ot 
lew-temperature  investigations,  However,  they  did  rot  exceed  the 
Units  of  laboratories  aue  tc  insufficient  high  the  threshold 


sensitivity,  cause  or  which  were  the  ncise-s  oi  the  superconducting 
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transition  "rigid"  (typ^  NLN)  tupecconductcis  [107,  12J,  T 3R  ]- 

in  work  [12i]  are  establisu/i nst a 1 le d t«e  correlations  between 
the  noises  of  t bo  superccnd  uct  ing  transition  and  the  surface'  energy 
cf  domain  wall,  which  relate  to  the  superconducting  and  normal  state 
anu  which  simultaneously  a x ist  in  -ransient  region.  The  author  cf  the 
work  established  that  th-  noises  or  "rigid"  superconductors  on 
several  orders  exceed  tne  noise.-;  "rigid"  {tin,  indium,  etc.),  and 
proposed  criterion  for  the  selection  of  materials  and  size/d imensi ons 
of  sensing  elements  tor  the  creation  ot  the.  etiective  superconducting 
bolometers. 


By  the  new  jet K/inpulsc,  «nu  n woke  uj  th*  interest  of  workers 
of.  TPI  in  tnc  p hen  o ire  nor  cf  s u p 'rcond  uc  ti  v i t y , was  creation  by 
Khalleit  and  Joi.cs  into  1955  suj  r:  conduct  i i.j  bolometer  on  the  basis 
cl  lamellar  tin  and  the  conducted  investigations  in  research  on 
lew- temper at ure  objects  { T = 12  0°K)  in  tne  far- infra  red  region  cl 
the  spectrum  [110].  In  work  with  galvanometer  they  reached 
sensitivity  1 • TO"12  W.  Then  were  made  the  tir  superconducting 
bolometers  QMC,  working  during  modulated  emissicn/ra liation  [ 1 It, 

121,  1j4,  125,  129,  130],  and  were  used  in  tne  irfrareu  spectrometers 
cf  submi  11  i meter  range.  Then  sensitivity  acre  than  50  times  exceeded 

the  sensitivity  of  acoustc-cptical  detector,  the  gaic-boloin  eters  are 
called  isothermal  unlike  the  ncniscthec mal , tht  different  sections  ot 
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sensing  elements  or  which  they  urt  located  in  i croal  and 
superconducting  states  [1J4],  or  noniscthenral  bolometers  resistance 
change,  caused  by  t ho  absorption  of  radiation  ilux,  occurs  mainly  not 
because  of  a change  iii  the  specific  resistance  cl  film,  but  because 
cl  an  increase  in  the  section  of  sensing  element,  which  is  found  in 
rcriril  state. 

Faye  25. 

By  regulating  the  coefficient  of  he.it  losses,  it  is  possible  to 
Iowa1  ‘he  time  constant  of  rupt rco no uc t ing  bolometers.  As  i*  was 
communicated  in  work  [157],  was  reached  time  constant  r = 2 • 10”H  s 
witn  threshold  of  response  ? = 10~4  A/hz1/'’- 

On  the  basis  of  the  carbon  thermometers  cr  alien  - Bradleys,  who 
possess  tn.  large  values  or  the  temperature  specific  resistance  «c  = 
-2  at  2°K,  w^re  developed  in  Pell  Telephone  Lab  [9b,  117,  113,  122] 

carbon  cryogenic  bolometers.  Their  high  sensitivity  mad^  it  possible 
to  conduct  trie  number  of  initial  experiments  in  the  distant  infrared 
region  of  the  spectrum  [ 118,  1 22]., 

However,  consideratle  current  noises  did  ret  make  it  possible  to 
achieve  t.he  theoretical  sensitivity  of  bolometer. 
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Most  sensitive  of  dll  Ki.owr  at  present  IF!  is  Low’s  bolometer 
[94,  126,  132,  135,  1 36,  14  7 , 154,  158’.  Bolometer  is  developed  on 

the  basis  of  the  lamellae  germanium,  alloyed  Ly  gallium  (good  results 
wen  obtained  also  *ith  alloying  with  indium).  At  temperature  cf  2°K 
threshold  of  response  or  cryogenic  germanium  telemeter  comprised 
CLiiei  10-i“  W/Kz1/?-  Lew’s  bole  met  ols  were  usen  in  the  radiometer, 
tst a 11  isii/instal ie d on  rocket  ler  space  research  [143],  and  alsc  for 
f u4t,  o-spec  troscopy  in  far- in  fi  ar  ed  region  [lal,  155]  and  microwave 
rang i [134  ].  Ir.  addition  to  tnis,  they  were  atilized  as  detectors  of 
thermal  mo  me  ntu  m/i  impulse/ p ulsee  [114,  150]. 

Development  the  investigation  or  cryogenic  bolometers  on  the 
Iasi:  or  the  germanium,  alloyed  by  gallium  and  antimony,  are  carried 
cut  »lso  bv  N.  A.  Panic ratov  wim  the  colleagues  [8,  148]. 

Th-  air,  lil  nation  of  tae  w-ak  signals,  taken  from  low-resistance 
rersin  j elements  of  i.ol  c ir  e te  i s , which  are  lccatt.1  at  low 
teaj  i r.it  ures,  represents  cong  lex  radio  engineering  problem-  The 
• » ji*  e ir  »;t  ct  the  ccll/elemer4-  ct  telemeter  with  amplifier  is  realized 
with  the  aid  of  the  raising  transformer  (Fig-  1-16),  cooled  by  liquid 
helium  and  placed  into  tin  screen  for  electromagnetic  protection  [6, 
136,  1 37,  145  ]„  The  given  circuit  serves  simultaneously  for  the 

electronic  regulation  cf  the  temperature  of  bolometer.  with  the 
supply  ot  alternating-current  bndje  the  signal  of  the  imbalance  of 
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The  land  or  amplification  .it  tin'  out p u t/y i e id  cl  dynchtouous  detector 
SD  at  is  possible  to  separute/liotiat*  optic.il  signal  from  tne  signal 
cf  ti.era.il  regulation,  ccnnecttu  with  temperature  changes  in  the 

environment,  by  utilizing  t iltois  with  dirrecert  r i.n?  constants.  The 
signal  or  thermal  regulation  through  the  channel  of  feedback  is 
supplied  to  heating  element  AV  In  this  case  the  rough  calibration  of 
the  temperature  is  realize  1 manostat  that  supports  the  constant  vapor 
pressure  or  Luilin  ; helium  [ b,  119,  14C],  and  precise  - by  electronic 

circuit.  The  total  accuracy  or  maintaining  temperature  is 
approximately  5 • Id"*5. 

The  use  of  the  superconducting  devices  for  the  amplification  or 

the  weak  signals,  taken  Iron  lew  ohmic  resistance  at  low 

temperatures,  is  described  in  puol  ica  tiens  [111,  113,  114,  133,  I4t>, 

14h].  Some  of  them  were  intended  tor  the  measurement  or  small 

constant  stresses  onlow-chir  ic  resistances,  connected  in  it  with 

transformer  consecutively  warn  sap-  aeon  ducting  modulator  [111,  113, 

114],  Fol  analogous  taryet/pur i uses  were  developed  magnetic 
and’ devices  on  the  basis  of  Josephson  tunnel  effect  [3-il6]._J 

implifiers  [ 14  9^^sJcH  devices  can  te  used  else  for  the  measurement 
ct  the  opt ical  signals,  taken  t rem  superconducting  bolometers; 
however,  they  fairly  complicated  and  thus  far  they  did  not  find  use 
into  reliably  working  the  use  or  parametric  am p 1 i tiers,  possessing 
lewer  inherent  noise  level,  than  lamp  and  transistors.  The 
description  of  suer,  amplifiers  is  giver  in  works  [131,  1511*  Figure 
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17  i; iv as  the  circuit  c i the  parametric  amplifier  uied  for  a work 
with  the  bolome ter  of  Lew  and  which  uses  nonlinear  properties  of 
capicitcii.es/capacity  conversely  displaced  p - t.-transfer  (diodes  D, 
and  D3)  . 1 J 1 1.  The  capacitate*, /capacit  y of  diodes  is  modulated  by 

iadio  frequency  voltage  e thiouga  lrl.  Fine-adjustment  of  capactors 
are  intended  for  the  compensation  foe  a -ii  £ tercr.ce  in  the 
capacitur.ee/capacit  ies  ct  diodes  ami  fox  the  balance  of  the  bridge, 
which  consists  ol  secondary  windings  T[  j and  diedes  and  D2. 

capacitive  - he  imbalance,  which  appears  as  a result  of  the  action  of 
radiant  xlux  Vi,  leans  t.c  appearance  on  the  output  of  the  bridge  of 
am  f li  t ud-— luodul  ate  d signal,  amplified  by  tuned  amplifier  ti  , and  th«x. 
supplied  to  detector  d.  The  n i, event  noise  level  or  parametric 
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Fi  j.  1.1  ]„  Parametric  amplifier  to  tj <■_- l man  i inn  bolometer  [131]:  «<■>  — 

resistance  of  bolometer;  k«  - the  resistance  ct  load;  E,  Et  and  F2 
tattery;  Tpi*  Tp2  ~ transformers;  - is  a h i -jh-  f re  -]U°ncy  oscillator; 
*■  c'n  - ca»ac  itance/ capacity ; u - amplifier;  d - detector;  D,  and  D2  - 
uiod  ; s.. 


Fd>jr  1 2. ). 


r 


▼ 


m 
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To  (he  use  of  field  triodes,  which  worn  with  \ - 4.2°K  and 

which  j.osuesu  the  high  the  entry  impedance  (R,x  = to  Id8  ohm)  and  the 
lew  noise  level  (2.5-t>)  • 1C'“‘b  /./hzl/?  in  tne  range  f = 25-1000  Hz, 

I are  dedicated  [ 15 2,  159  ].  Positive  results  were  obtained  during 

[ parallel  connection  of  ci  nr  vis  tor  type  lamps  f 8,  142,  1 53,  15o], 

;4.  Radiation  Thermoelement;:  (155-165). 

The  measuring  the  emission/i adiaticn  thermal  element  cf  the 
simplest  case  consists  cf  receiving  part  p and  thermocouple  (Fig. 

1. 18) * The  receiving  part,  which  arscris  radiation,  is  located  in 
thermal  contact  with  hot  end  ,'y)  . The  ccld-soluered  joint  (x)  of  ] 

thermocouple,  isolate/msuiateu  from  the  accepting  emissio n/ra diat ion 
arta/site  and  connected  towards  hot,  serves  for  a decrease  in  the 
efiect.  of  ambient  temperature.  The  thermal  elements,  utilized  for  tat 

i 

measurement  of  the  modulated  radiant  flux,  consists  of  two  hot 
junctions  (fig.  1.19)  (positive  (p)  and  negative  (o)  , creating  the 
thcrmoelectroaiotive  force  (thei  mo-emf  Pr)  ci  opposite  signs  and 
connected  so  that  thomo-er.t  wculu  store/add  up  [ 155,  156,  160,  161  ]. 

The  different  constructions  oi  composite  ana  semiconductor  thermal 
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elements 

are  described  in 

werks  [8,  155-15 

1.  1 

5 5-168, 

1o8- 173, 

175-178, 

1 80-184  ].  The  investigations  cl  t 

It  ir 

basic 

parameters 

are 

given  in 

works  [5,  b,  158, 

1b 5,  168,  171], 

and 

to  the 

theoretical 

ca Iculat 

ions  are  dedicated 

to  i ub lie at icn 

[5, 

b,  158, 

Ibl,  173, 

174, 

180  ]. 

The  work  or  raaiation  cr  t ht  r mo?U uent  (Hit)  can  be 
approximately  described,  by  using  rh-a  cguivalert  circuit  (Fig.  1.20), 
proposed  in  [158].  In  this  circuit  fat  result  of  the  absorption  of 
radiation  power  is  represented  in  the  term  ct  generator  of  current  7r, 
obtained  in  parallel  to  dynanic  resistance  R.x  and  to 
capacitai.ee/cdpacit  y C„.  The  Peltier  effect  increases  the  electrical 
resistance  of  circuit  to  value  Rt i 


The  noises  of  PTE  are  determined,  accciding  to  the  given 

circuit,  by  ‘he  Johnson  noises  of  the  active  resistance  B and  the 

RJ(\  + u'ClRlf*. 

real  part  of  the  dynamic  impedance^  __/v It  is  interesting  to 

note  that,  the  Johnson  noise  of  dynamic  resistaice  is  equal  to  the 
roise,  induced  with  temperature  fluctuations  [ 5 ]. 


The  conversion  factor  with  load  /H  = « ir  canonical  form  takes 
the  rollcwing  form: 

<G*  | u>vqn  r’ 


S 


(1.29) 
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The  threshold  of  response  of  RTE  in  equal  to: 


•J*  - 4 AT*  A/ 


A*  (CT:  | fo*c*| 

~4?fr~ 


(1.30) 


First-  term  in  (1.30)  corresponds  to  temperature  fluctuations, 
and  the  second  - Johnson,  Having  assumed  u <<  G,  we  will  obtain  that 
the  relation  of  terms  is  pi  opoi  * ion  a 1 F/R„  The  experimental  studies, 

J-* 

carried  out  with  different  PTK,  they  showed  that  t.  » (0.  1-0.  IS)  p , 

M 

and  therefore  the  threshold  oi  tosponre  of  RTE  in  essence  is 
determined  by  Johnson  noises. 


The  analysis  of  expression  ( 1 _ JO)  determines  the  effect  of  the 
uiff-ront  parameters  of  FT t or.  threshold  of  response.  The  totai 
thermal  conductivity  G contain:  t he  components,  caused  by  the  thermal 
conductivity  of  pas  into  FT E,  ty  radiation  neat  exchange  between  th« 
sensor  and  lionsing,  and  also  the  thermal  conductivity  of  conductors. 
The  analogous  components  ai  c contained  in  the  total  hea*  capacity  c. 

Tht  threshold  of  response  of  the  vacuum  RTF  is  always  better  than 
nonvaemm  ones,  independent  oi  the  modulation  frequency  of  radiation 
flux  (this  confirmation  net  afplicaile  to  fclcneters  at  high 
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T'-e  optimum  s j ze/dimei  sions  of  sensing  element  of  kTE  can  to 
iet  cr  si  i n«  d ruoni  expression  (1.10)  when  the  length  of  conductors  is 
shor-ei  Mian  the  hall  ot  the  length  of  temperature  wave  [6  1.  Since, 
according  to  v idem  an  - Franz’s  law,  a decrease  in  resistance  i. 
connected  with  an  increase  in  the  thermal  conductivity  of  conductors 
•n,  ir  i15  necessary  to  find  t .jo  con  di-ion  of  the  minimum  of  expression 
H-dO).  This  condition  is  the  (quality  of  tu?  ratio  of  electrical 
conductivity  to  the  thermal  conductivity  of  each  conductor  [6]: 


R 


ALT 


(1.31) 


whore  l is  averaged  Lorentz  number: 

£ = x (L'  + Lt)  + -5-  <I-i  • l-tf  5-.  ( 1 .32) 


Lj  and  L^  are  Lorentz  numbers  tor  thermoelectric  materials.  From  the 
analysis  of  expression  (1.30)  also  ensues  the  equality  of  heat  losses 
cans-  1 b v -mission /rad i at  ion  an  i because  ot  the  t her ma 1 conductivity 
of  conductors  - 


t.ho  condition  cf  Johansen. 
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Fl'J'  KVK  Circuit  diagram  of  the  vte  of  alternating  current. 

’IlH  RTE  : ^r~~- 

Jrr 

r->  ~^rT  ~ dynamic 
r ivjh  modulation 


Page  2 0. 


Fig.  1.20.  The  equivalent  replacement  senenv 


oi 


9lr 


sijnal  generator;  Wj,„  dyianic  resistance; 
ca p ac ita nce/capaci t y ; R is  resistance  of  hte  a* 
frequencies. 


1m  criterion  of  the  quality  ot  thermoelectric  material  can  be 
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obtained  from  expressions  (1.30)  and  (1.31): 
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A t‘'m  pora*  ura  decrease  of  p?fc  docs  not  lead  to  i n improvement  i 
its  threshold  of  response  as  or  bolometers,  mainly  due  to  a l^crea.- 
in  value  ‘^T.  Work  [ 1 1>  7 ] examines  the  PTE,  wnich  is  tne  com  hi  nation  of 
thermocouple  and  bolometer  and  designed  in  such  a way  that 
thermoelectric  and  bolometric  effects  would  be  summarized.  However, 

practical  gain  in  sensitivity  was  no*  eftained  due  to  the  emergent 
noises. 


The  developed  at  present  PTE  are  intended  for  a work  on  constant 
and  al ternat ing/var i able  irradiation.  ITS  ci  Moll’s  type,  work  during 
constant  irradiation,  make  it  possible  to  realize  during  connection 
with  pf o*o°Lect roo ptic  amplifier  * hr es held  cf  response  10~ q-5»1G~10 
This  system  possesses  the  considerable  instability  of  null 
reading  and  for  guantita* ive  measurements  is  hardly  suitable. 

However,  for  a series  of  the  a ppl ica ticn/uses  where  is  not  essential 
high  sensi+ivity,  but  is  required  simplicity,  reliability  and 
mechanical  strength,  widely  are  utilized  ?TL  during  constant 
irradiation  C 17  5,  180,  182,  183].  For  example,  in  onboard  equipment 

for  spacecraft  [17b,  180,  185]  are  utilized  3TE  - economical 

instruments  with  the  considerable  size/dimensiens  of  receiving 
area/s  it ...  rheir  combinations  form  the  position-sensitive  detector. 
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S irh  > . horizontal  scanner. 


v .-'!u;n  >TF,  i nt  . n 1-»-j  for  a work  on  alter nating/var  iable 
ri  . !i.>»  ion,  possess  compaiar  i vely  slow  response  and  aro  utilized  on 


r«  :,c  : 1I.1  t i on  ire  :u.  r.ci 


iow.vet,  for  thc  study  ot  the  slowly 


i •! r 7 i j processes,  in  particular,  in  the  receiving-recording 

• • ‘/devices  ot  infrared  spec* rophetoaeters  the  vacuum  iiTf  is 
1 o ■ -tter/O'  .t  Ladiatici  d*?t°ctcrs. 
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Fi;»  l.zl.  The  spectral 


istics  of  RTE  for  two  types  of 


thermocouples  (see  [t>h,  chapter  VI). 
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1° 

K*>y:  (1).  r*-l.  un.  (2).  window. 

M *.2_'.  Zonal  s ens  i t i v i t y of  PTE,  that  consists  of  five  joints 
with  *ho  si  ze/a  intensions  of  the  receiving  area/sitc  A0  = 1 0 x 2 mm  at 
different  molula^ior.  frequencies  [184  1. 

t'py:  {i).  r^l.  units.  (2).  Hz. 

Page  30. 

Parallel  and  series  connections  oi  a series  of  PTF  in  principle 
do  not  'jive  gain  on  sen  s i t i v i t y . If  allows  optical  system  and 
technology  of  obtaining  sensing  elements,  HTE  cne  should  make  with 
the  minimal  sizes  of  receiving  area/site.  However,  in  a number  of 
cases  - in  work  in  far- inf r ired  re  jior,  -luring  the  study  of  radiation 
fluxes  from  many  radiation  sources,  when  the  concentration  of 
cm iss ion/rad iat ion  is  hinder/ha mpt red  - is  applied  PTE  with  large 
receiving  area/site. 


Th«  spectL  al  characteristics  of  two  types  of  thermocouples  are 
represented  in  Fig.  to  1.21.. 
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zonal  son  sit  i v i- y s (x)  of  thermocouples  is  characterized  j.y 
laruo  torn  n i for  mit  y (Fig.  1 - -3  2)  on  receiving  area/site  - especially 
rear  joints  and  bet  <tnen  them.  The  list  t imit  ion  and  the  character  of 
value  S (x)  depends  on  the  form  of  the  utilized  amplifier  (direct  c: 
alternatin'?  current),  of  the  modulation  frequency  and  tor  a of  the 
detector  of  measuring  circuit. 

The  cumulative  methods  of  the  signal,  taken  from  PTE,  depend  or 
the  time  constan*  of  RTF,.  The  amplification  if  signal  for  the  FTE  of 

alternating/variable  irradiation  is  shewn  i:i  Fig.  1.d3  [185].  it  is 
possible  to  not^  three  cuuul.c  iv  ■ methods  cr  the  signals,  *aken  from 
inert i a of  PTE,  by  the  way  of  the  conversion  of  direct  current  into 
variable;  magnetic  amplifier,  vibrapack  and  photo-modulator 
amplif  In  the  last/latter  method  the  pair  cf  neon  oulbr  N acts  as 

relaxation  generator,  modulating  resistances  of  photocells  FS  (CdS) . 
enc  rhetor*  • is*  or  it  connected  consecutively  frc:n  FTE  and  by  the 
ster-ije  transformer,  but  ar.othtr  - shunts  transformer. 


.0.  Acou.-,t  o-opt  ical  (pneumatic)  and  dilatoaetric  radiation  detectors 


( 1 Hfi-  2 3b)  . 
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T!;-'  phenomenon  of  the  sou t. din 9 of  gases  under  the  action  of  the 
interrupted  radiant  flux,  opened  by  Poll,  by  Tyndall  and  Roentgen  in 
16-),  was  used  by  M.  L.  Veyngerov  tor  the  creation  of  acousto-optica J 
tyre  TPI  [ 186],  The  schematic  aiagr.jti  c.t  nonselective 
cpt ica 1 - acoust ic  (pneuaatic)  toceiver  (DAP)  is  given  in  Pig.  1.24. 


Fa  3?  3 1 • 

1 h e interrupted  radiant  flux  creates  the  pulsation  of  pressure  in 
wording  chan  her  due  to  radiat.  icn  absorption  by  absorbing  coatings 
(layer  of  carbon  black  [188%  ty  geld  Hack  [2 2f],  charred  by  organic 
n-att^r  [187  1,  by  the  senitr ansparent  metallic  film,  plottec/applied 
to  m { por  t/basc-  '167,  192,  212])  oi  radiation  cirectly  is  absorbed  by 
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the  jar,  which  fills  the  chamber.  In  tie  first  case  the 
ac  custo-op  tical  detectors  arc  nonselective  [1b7,  189,  142,  193,  213, 

214,  2 17  , 226,  229  , 2 35  ],  and  in  the  second  - selective  f 1 86,  191, 

194,  197,  20  3,  206  , 209,  2 12,  215]. 

Microphone  converts  pressure  in  the  chamber  into  the  electrical 
siqna  1,  then  amplified  by  el'ctrci.ic  circuit.  Are  utilized  the 
ditr  -rent  forms  of  th  ? microphones:  optical  [ 1o9,  192,  195,  21  5,  221, 

225,  226  ],  condenser/capacit or  f 189,  16  3,  215,  2 16-218,  22  1,  222, 

237,  2?5],  e lectrod  ynamir  £l6e,  191,  212,  *.13,  221]  and  some  others 

[ 1 87  , 2 36  ] . 

The  a cousto-opt  i cal  chamber  ar,  i the  microphone  are 
interconnected,  and  trie  characteristics  of  uAP  are  determined  by 
their  total  charact.  er  ist  ics.  Microphone  fulfills  the  functions  of 
cptical-ol ectronic  cr  electronic  type  preamplifier.  With  correct 
select  ioi.  and  the  construction  or  microphone,  the  si  jna  1-t  o- noise 
ratio  at  its  output/yield  must  not  Pc  worse  t nan  jives  the  chamber. 

The  operating  principle  of  0 A P consists  ol  tna  following.  The 
modulated  em ission/r a d ia t ion  of  t.h*  source  w beinj  investigated 

£ 

through  ‘he  innut  window  passes  into  t lie  accustc-optica  1 chamber  -it 

P 

and  is  absorbed  by  film  g».  Absorbed  energy  is  transferred  to  the  gas, 
which  fills  the  chamoer.  In  the  chamber  appear  the  pulsations  of  gas 
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into  cyclo/stroke  to  the  modulation  frequency  cf  the  radiation  flux, 
which  is  transferred  to  liaphr  agiu/membrane  0.  Diaphragm/raembra ne  is 
the  fire/thin  and  flexible  plate,  one  side  ct  which  is  movable 
chamber  wall,  and  another,  covereu  with  the  layer  of  antimony,  by  the 
mirror  cf  op rico-e  1 oct. ronic  amplifier.  In  the  absence  of  pressure 

ft 

(r:ro  r.t  nj  :n  g/de£l  ect  lor  oi  dia  in  ag  m/wem  L r ane  jpj  the  world/light 

L 

from  auxiliary  source  Jr  passes  through  the  upper  part  of  t h° 

0 k ‘ ' ft 

condenser  objective  and  of  raster  f,  it  is  reflected  of  film  /<  ami 
falls  in  the  lower  half  or  raster  in  such  a way  that  tho  images  of 
the  slots  of  the  upper  halt  or  raster  coincide  with  the  opaque  bands 
cl  its  lower  half. 
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Fiq..  1.1*1.  The  d i a q r i m of  nor.sel  «c  ti  ve  acoust o-cptical  detector  (Ok?) 

k p 

with  t hr  optical  micropnone : *•  - r h>-  c h an-  per;  / - the  ahsorhinu  f i 1 m • 

n . . , R C L F 

* ~ < lap!. r d>jm/EemL  rir.e ; .*•  - rasitor  ; jar  - objective,  Jr  - lamp;  --f  - 

phot  oc  ell. 


Fit-  Equivalent  pnouir.fr-  ic  diagram  of  CAPflS'i]:  p - the  gas 

pressure  in  the  chand  *>r ; V ic  a volume  of  .gas  ir  the  ch  imber ; H and  k 

v\  np 

it-  the  thermal  resistance,  caused  iy  eiristsion/radiat  ion  and 
conductivity,  Cy-  the  heat  capacity  of  gas  at  a constant  volume; 
mil  I'm-11-'  capacitive  and  active  thermal  resistarce  of 
di  apt.  r a urn/niembrane. 


Page  31 
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Tf  d i aphra gm/me® br ane  j*  caves  in,  then  the  image  ci  raster  will  be 

displaced  with  respect  to  the  optical  axis  of  system  and  part  of  the 

Q 

voLld/liyht  through  the  lower  half  of  objective  0 falls  on  Photocell 
The  opt  ical- electronic  system  0:  amplification  is  very  effective, 
since  it  nak  ?s  if  possible  to  leel  * he  ua gc  in g/de f lect ion  of 
diaphrogm/niembrane  cn  the  order  of  10"«  cm. 

Tr.e  threshold  of  response  of  oap  can  be  written  by  the 
cx  pression 

9*  = 4KT*Gbf  + WH  4 Wl  (1.34) 

First  t rtrai  characterizes  rudi  it  ion  fluctuations,  the  second  - is 
caused  by  the  fluctuations  or  ui aphr agm/memir ane  and  third  - is 
connect-''-’  with  the  supplementary  r.oises,  introduced  by  measuring 
circuit . 


To  the  calculation  of  OAP  are  dedicated  [189,  19h,  19R,  199, 
z1-  -,  d)u,  , ',  210,  211,  21n,  2d  1 , 2 38  ] . G o 1 a y developed  the  theory 

of  nono~*lect  ive  pneumatic  receiver,  considering  it  as  system  with  the 
concentrated  (and  also  t y d ist  1 iuu  ted)  constants  and  using  for  the 
calculafior  u y the  rauthoi  of  thermoelectric  analogies.  The  processes, 
which  fake  place  in  t he  acousto-optica  1 chamber,  were  described  by 
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tht  '-lUd^iPTis,  used  to  olectrica  1 T-shaped  circuit,  figure  1.25  gives 
th*-1  si mplr  tied  heat-pneumatic  circuit  CAP,  which  makes  it.  possible  to 
obtain  basic  calculated  r elat  ior.sh  ip/r  at.ios  [It.?]  and  to  deternine 
tic  optimum  sire/d  intensions  ct  the  chamber,  which  correspond  to  the 
maximum  sensitivity.  The  calculation  oi  microphones  in  these  works 
was  not  performed. 

7.  A.  Pane  rat  conducted  the  calculations  of  OAP,  considering 
interconnect  ion  in  the  chamber  operation  and  microphone.  Among  these 
calculations  are  most  close  for  fha  practical  purposes  of  the  work 
[ 198,  19  9,  205  218,  221  ]. 


To  the  experimental  study  of  char  act  eristics  of  OAP  are 
dedicated  works  £ 22  1,  224-228,  237  1.  Spectral  character  1st ic  or  OAP 
is  liven  in  Fid.  1.26,  an  1 the  distribution  of  sensitivity  accord  in . 
to  the  surface  of  the  chamber  - on  Fig.  1.27. 

Investigation  of  OAP  wit,  the  a court o-ept ica 1 chamber,  adjusted 
into  resonance,  is  described  in  works  r 220,  229  \ 

Selective  OAP  served  as  basis  for  the  creation  of  widely 
utilized  at  present  gas  analyzers  [ 194,  206,  215],  and  non  selective 
ar^  known  abroad  as  Golay  pneumatic  cells  - are  utilized  as  radiation 
detectors  in  the  infrared  spectrometers  of  the  middle  and  distant 
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Close  in  operating  principle  to  accustc-c[ t real  detectors  are 
-;i  l.itcF  eric  [ 8,  200,  207,  ^08,  23^,  23i],  using  thermal  expansion  or 
solid  i odies  under  the  action  of  radiation  rluxes.  The  idea  of  the 
creation  of  such  receivers  is  not  now.  fven  earlier  were 
develof /processed  the  radiometers,  as  active  cell/elemcnt  ir  which 
served  bimetallic  strips 

The  interesting  results  were  obtained  in  werk  [200]  during  the 
creation  of  the  ipt°ctor,  in  which  is  used  the  expansion  or  fino/thin 

constant  in  film  for  *he  rotation  of  ja 1 vanemo t r ic  type  mirror  system. 

6 

The  sensitivity  threshold  of  this  i *ce  i vo  r is  determined  by 
temp*' rat  ure  fluctuations.  i-igun  1.28  shows  the  circuit  of  this 
receiver.  The  radiation  flux  t>‘ , absorbed  by  thermal  film  E,  conducts 
to  its  expansion  and  the  rotation  of  the  filament  N,  during  which  i ; 
fastened  the  roicrom irror  The  rotation  of  mirror  is  recorded  by 
differential  type  highly  sensitive  optical  balance  meter  [ 208  ].  rh* 
authors  calculated,  that  the  register  system  can  detect  changes  in 
the  length  of  order  b»1C“a  cm.  Analogous  attempts  were*  undertaken  on 
*he  le  v-*l  opment  of  iilatocondensat  cr  heat  receivers  [8]. 
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Thermal  image  converters  f 2 30-262]. 

one  of  the  basic  quest  ions  of  radiati  or  instrument  manufacture  is  the 
conversion  of  the  invisible  image  ol  objects  into  visible. 

Aie  oi  served  two  tendencies  in  the  development  of  thermal  imaye 
convertors  - the  creation  c£  th«  instruments  scanning  and  not 
scanning  of  types. 

In  -he  scanning  converters,  which  consist,  cf  TPI  and 
optical-mechanical  system  T 3,  240,  243,  2r>1,  25  4,  280],  the  obtained 
information  is  the  totality  of  electrical  sijnals  from  the  separate 
ct 11 /ole went s of  the  object  being  investigated,  which  are  amplified 
and  synchronously  recorded  by  t he  photcreccrdi rg  equipment /device  in 
the  form  of  black- white  cr  colored  pictures.  As  TPI  are  utilized 
immersion  [ 1]  and  unimmersed  [ 240,  243,  280]  thermistor  bolometers, 
pyroelectric  receivers  [ 2f>C  ] and  the  linear  batteries  of  thermal 
elements  [ 25  4 ]. 


The  schematic  of  the  o[ t ical-mechanical  scanning  converter  is 
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qi  ven  in  Fig.  1.29.  The  mirror  of  the  rcaitnin  g/sweep  of  image 
ronspcut  ively  projects  to  TF1  tin  ission/rad  iat  icn  from  the  different 
sections  of  the  object  being  investigated.  The  taken  from  TPI  signal 
is  amplified  by  electronic  circuit  and  is  supplied  to  noon  tube/lamp, 
modulating  its  intensity.  <ior  1 d/ligut  from  lamp,  being  reflected  from 

the  back  side  of  the  mirror  of  scanning/sweep,  is  focused  on  the  film, 
cf  camera.. 


Fij.  1.23.  circuit  dilatomet.r  i c of  TPI:  E - thermal  film,  M - 
filament,  2 - tricroaiirror. 


Page  14. 


Thus,  ‘he  mirror  of  scann ing/sweep,  projecting  the  e*ission/ra  liation 
cf  the  determined  cell/elemcnt  of  object  to  TF1,  produces  th^ 
synchronous  notation  of  signal  fron  this  cell/element  with  the 
corresponding  to  it  section  of  photographic  film. 
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1 • • ‘ - optical- mechanic  ill  scanning  converter., 


k,"Y:  (0-  Sensor  of  the  level  ol  temperature.  (2).  Kirror 

scannirg/sweep.  (3).  Objective.  (4).  Necn  *- abe/lamp.  (5). 
component...  (6).  Camera. 


cf 

t lectr onic 
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Fi  i.  1-30.  recording  e»aporimot.i  r. 


Key:  (1).  Ofcseiver.  (2) 
guartz.  (5).  Membrane. 
Semif  r.irsparent  places. 


lijht.  ( ))  . mirror  objective.  (4).  Window  o 
(K)  „ Window.  (7).  Photosensitive  layer-  (b)  . 
( 3)  . Io  vncuui  pum f . 


Page  31. 
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On  di  arhra  gin/membr  a u *-»  is  create  i!  thermal  Lcliei.  From  opposite  side 
cf  d i aphra  gm/membr  ane  in  irtak*  cluabtr  ir<-  locate,  i the  oil  vapors. 
The  condensation  rate  of  oi]  vaj  n:.  at  any  point  of 
diaphraqiB/metrbrane  depot  on  the  temper*  t.  tre  in  this  point.  The 
determined  on  tho  surface  apht Lagm/mem  t l a nc  oil  relief 

corresponds  to  temperature.  auxiliary  illuminator  makes  it  possible 
to  oDserve  temper  at  ure  field  in  interference  colors  and  to 
photograph.  Recording  eva por imeter  defects  differences  in 
temperatures  0.5-2°C  at  resolution  10  hach ur e/mro  and  tine  constant 
10-20  r.  The  in ves t i jar icn  cf  the  resolving  and  threshold 
sensitivities  of  recording  eva p or i met er  is  given  in  works  f 2 56  , 259  ]. 


Another  instrument,  which  belongs  to  tnis  type  of  converters,  is 
the  conv'»r Vr  on  boundary/edgi  abserptien  - edge  graoh  [ 24  1,  24i*].  As 
the  basis  of  the  worn  of  edge  graph  is  placed  the  temperature 
Impendence  of  the  e Ige  of  r ur.uanier.  t al  absorption  or  semiconductor  - 
amorphous  selenium.  Under  effect  oi  radiation  in  the  film  of  selenium 
(Fig.  1.31),  covered  from  the  flow  being  investigated  with  the 
s e m i t r a ns parent  layer  of  chromium,  is  created  tbe  temperature  relief, 
which  is  observed  with  the  aid  of  solium-vapor  lamp.  The 
monochromatic  radiation  of  sodium- vapor  lamj  (A  = 5dd  p ) lie/rests 
real  the  absorption  ■"'dqe  of  selenium,  anl  depending  on  temperature 
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field  sending  element  through  t he  equal  gsctIodj  of  the  latter  can 
(ass  t ho  large  or  smaller  part  of  the  e ni ssion/radiation,  which  makes 
it  possible  for  observer  direct  to  examine  the  imago  of  object.  Edge 
graph  distinguishes  temperature  differentials  1C°C  at  the  resolution 
of  ? dashes/mm  and  time  constant  0.S  s. 

The  temperature  dependence  of  the  intensity  of  luminescence  in 
the  visible  range  or  zinc-cadm i am- su 1 f i de  phosphoruses,  irradiated  by 
ultra  vio  l.e  * radiation  source,  made  it  possible  to  create  image 
converter  [239]  (Fig.  1.32).  The  luminous  intensity  of  luminophorc 
changed  by  20o/o  during  a change  in  the  temperature  on  1°C. 
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'ig.  1.31.  sdge  graph™ 

Key:  (1)  Observer.  (2).  Window- 
lb)  . Solium  lamp. 


(i).  mirror,  (4).  Sensing  clement 


Fig.  1.32.  THer mol uminoscencr  converter. 


Key:  (1).  Objective.  (2).  Luminescent  screen.  (3).  Observer.  (4). 
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*hreshold  of  response  of  instrument  comprised  5«10"A  'w/cm2  (if 
was  possib 1 ' to  listinguish  rr  rape  rat .are  drops  E°c)  with  resolution 

C.  5 hach nte/mm. 

schematic  of  photo-r hermionic-emitting  converter  [ 245  ] is 
Oiv.-n  ir.  Fig.  1„JJ.  ono  side  of  .sensing  element  of  converter  is  the 
semitransparent  Layer  of  gold,  plotted/applied  to  basis  from  sio.  To 
another  sia-;  of  basis  ir  plot v ed/a ppl j ed  p h ct  oe  it  it.ter,  sensitive  to 
temperature  change.  Photo emission  occurs  from  those  sections  of 
sensitive  layer,  which  are  illuminated  ly  ray/fceam  from  auxiliary 
kinescope  with  spotting.  Tht.  emitted  electrons  arc  amplified  by 
multiplier  and  amplifier.  The  intensive  signal  modulates  in  ray 
intensity  of  the  kinescope,  on  which  it  is  possible  to  observe  the 
image  of  object.  Sweep  oscillator  synchronizes  the  work  of  the  fasic 
and  auxiliary  kinescopes,  realizing  a survey  of  all  sections  of  the 
sensitive  layer,  to  which  is  projected  the  image. 

[hoto-thermionic-em itt ing  converter  is  sensitive  t0  a change  in  the 
temperature  by  10° C,  it  possesses  time  constant  0.1  s and  the 
resolution  of  2 dashes/mm. 


Recently  appeared  the  report/conununicaticns  about  the  use  of 
liguid  crystals  for  the  creation  of  thermal  sensors  and  converters 
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[249,  2hi].  Cholesteric  t y [e  liguid  crystals  [25 2]  possess  the 
cl ?ct ro-opt. ica 1 properties,  which  shortly  change  under  the  effect  cr 
+ h<:  temperature,  electric  field  [2t>1]  and  other  external  agencies. 
The  basic  cell/element  cf  ccrivc-itor  is  the  film  of  liguid  crystal, 
which  is  located  i?  thermal  contact  with  the  layer,  which  absorbs 
em ission/r  ad ia t ion  (Fig.  1.3 4). 
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• i i„  1.23.  Phot  o- 1 her  ® ior  ic-e  Bii  1 1 i ng  converter. 

Hey:  (1).  Mirror  objective.  (2).  Windows.  * j)  . Sensing  element.  (4). 
Fr  ea  t r. ; i t i or . (c>)„  multiplier  of  fleet  tens.  (6),.  Projector  Kinescope. 

(7)..  swcop  oscillator.  (a)  . Pasic  amplifier.  (S).  Kinescope. 
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Kin.  1.34.  Liquid-crystal  converter. 


Key:  (1).  lump.  (2).  Liquid  crystal.  (3).  Crserv  or. 
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The  re  it  per  at  ure  relief  ot  absorbing  layer  is  transferred  to  the  fil:« 
of  liquid  crystal.  During  th«-  illumination  of  cholesteric  film  from 
auxiliary  source  its  color  in  different  sections  will  depend  on 
temperature.  The  time  constant  of  e q ui pme nt/de v ice  composes  several 
seconds,  ar.d  resolution  is  clos  to  television. 

Tie  comparison  of  the  converters  not  scanning  and  scanning  type 
can  be  carried  out  on  the  basis  of  their  parameters.  The  nonscanning 
converters  do  not.  reguir-  complex  o Lec+  tomech  a nical  and  optical 
node /units,  and  the  visualization  oi  images  is  reached  by 
compare* i vely  simple  methods.  To  their  deficiency/lacks,  besides 
r onur.iform  sensitivity  on  receiving  irea/sito,  cne  should  relate  the 
powerful  effect  of  the  long-wave  radiation  of  background  with  the 
maximum  of  enissio n/r adi at  ion  Id  p ( 300°K)  during  the  study  of 
objects  with  the  temperature,  clos  : to  room.  For  conducting  such 


DCC 


770  3064 b 


in vc-s t ig.it  ions  are  required  cool  ii  g sensing  ^lentntb,  which  is 
conn ec ted  with  supplementary  technic i]  di f i ic u ] ties . The  scanning 

image  roiiv^r*;ers  although  ai-  more  complex  than  not  scanning,  also 
more  sensitive. 


In  conclusion  of  chapter  let  us  ncte  that  cn  tr.e  basis  of 


ferroelectric  materials  in  itcur.  t years  are  developed  t ne  high  lv 
sensit i v and  low- inertia  radiation  detectors  and  target  for  thermal 
image  converters.  To  the  description  of  their  physical  properties,  *-o 
the  calculations  of  the  parameters  and  to  concrete/specif ic/actual 
ie  ve  l cpmer.  ts  are  deiicated  the  subsequent  chapters. 


El  DLIOGtUPilY 


I Havens  R — J.  Onl.  Soc.,  America,  1946,  38,  6,  355. 

2.  J o n e s C.  R — J.  Opt.  Soc.,  America,  1947,  37,  II,  886,  1949,  39,  5,  ,»7| 
1949,  39,  5.  344. 

3.  Wormser  E.  M. — Appl.  Optics,  1968,  7,  9,  1667. 

4.  Jones  C.  R — Nature,  1952,  170,  29,  937. 

5 J o n e s C.  R — Advances  in  Electronics,  1953,  5,  I,  Acad.  Press, 

New  York. 

6.  ('  m ii  t P.,  Jl  ;i<  one  <!>.,  l * * * 5i  o c m c p P.  OOuapywemie  ii  usMepeniie  :ih- 
typaKpacwiro  Huy'ieiiiin.  11, g,  M , 1959. 

7.  K p e m e ii  >i  v r c k ii  Ii  71.  C.,  M a .a  i.  u e n A.  <i>  , P o ft  n h - 
na  O.  it  — Vd»>K.  1962,  7,  12,  1298. 

8.  Trn.iom.ie  up  mom  h ii  kii  nviy>iemiii.  rl  l.ivKona  ivmk,i»,  K , 1967. 

9.  .1  ones  C.  R.—  Proc.  IRE,  1959,  47,  9.  1495 

10.  Map  non  M II — OiiTiiKa  ii  cneKipocKomia,  1957,  3,  158. 

11.  M a .i  i.  ii  c n A.  <!>.,  K p c M c ii  'i  y r c k ii  ft  cl.  C.,  C k a m k o M.  A.  — 
y<t»K,  i960,  5,  5,  634. 

12.  Jones  C.  R .—  J.  Opt.  Soc.,  America,  I960,  50,  9,  883. 

13.  J o n e s C.  R. — J.  Opt.  Soc.,  America,  I960,  50,  II,  1058. 

14.  J o n e s C.  R. — J.  Opt.  Soc.,  America,  1960,  50,  12,  1166. 

15.  Jones  C.  R — J.  Opt.  Soc.,  America,  1962,  52,  II,  1193. 

16.  M a n i,  h c n A.  <!>.,  K p e m e ii  'i  y r c k ii  ft  71.  C — Havepnrc-iMraa 
TexmiKa,  1901 , 6,  26 

17.  B a h - 71  e p - 3 h ji  A.  <J>nyKTyauHii  b paanoTexHHKO  h ipinnse  Pnc* 
*HeproH3^aT,  M — 71.,  1958. 

18.  K p e m e ii  'i  y r e k h ft  71.  C.,  M a n b h e b A.  <t> . — I1T3,  1963,  5.  182. 


F/G  17/5 


AD-A046  669 
UNCLASSIFIED 


FOREIGN  TECHNOLOGY  DIV  WRIGHT-PATTERSON  AFB  OHIO 
FERROELECTRIC  RADIATION  DETECTORS' (U) 

JUL  77  L S KREMENCHUGSKIY 
FTD-ID(RS)T-0846-77 


NL 


roc 


770  7 0H4t 


PACE 


Cj-)> 


Fa  jc.5  3R-4  3. 


ABiopeiJiepaT  Kan/i.  /nice.  HiicTiiryT  iJih- 


19  K p e m e rr  m y r c k h fi  A.  C„  PoR  uh  n a O.  B — riT3  1065  t t>» 

20  C t.snu  R.  P„  M i t c h e I I W.  II..  R e n n e - Tw  'w  ’ 

America,  1950.  48,  7,  409.  " """  A'  J °P(  5oc., 

21  Kpciic  HiyrcKH  ii  71.  C. 

3HXH  AH  VCO\  K-,  1903. 

27  7rl°  x ° B f 11  3 8 71.  M.,  K p c ii  e ii  i y r c K h fi  7]  C W a a i, 
h e b A.  [>  o ii  a ii  ii  t O.  B.—  V<P>K,  1964,  9,  11  |240  ’ 3 b * 

23  PofiuHHaO.  B—  >KI1C,  1905,  3,  5,  403.’ 

n„T,^  P ° fi  u 11  " a ° B ■ K P e « p it  i y r c k h fi  71.  C.,  Al  a a b a e b A d>  — 
OnTHKo-MexauuuccKaa  npoMuiuJieimocTb,  1905,  12,  9 

AH  yOCP°K  U m8  ° B-  An™P«N>aT  Kali;,.  mice.  HHCTKTyr  <1>h3hkh 

%■  isin"^cJR  r 7*  '* <9- 

New^York°—  Paris!  Pergamon' Press.  ^-London- 

29  Gelling  L.—  Z.  angew.  Phys.,  1951,  3,  467 
12.  4t836  nChQC-Wicher'  G • B 6 “ K * r O.-  Ann.  Phys.,  1953,  6, 

i c h e r t G. — Exp.  Techn.  Phys.,  1953,  1,  4,  197. 

3*.  Novak  R. — Ceskosl.  casop.  lys  , 1955,  5,  II,  96 

33  R e i m a n n H.—  Ann  Phys.,  1955,  6,  io,  I,  59;  1955  6 16  1 59 

; ' C r a n o Y.—  J . Phys.  Soc.  Japan.,  1955,  10,  10. 804  

35  MapKOB  M.  H. — UAH  CCCP,  1950,  108,  3 428. 

36.  Novak  R.,  R e s 1 e r F. — Ceskosl  casop.  Ivs  . 1956,  6,  2 209 
7 iMa.ibiieB  A.  0 ~ B kii.:  MoTcpnaabi  X BcecoKwnoio  coBemamm 
cneKTpocKoimn,  1.  Haa-no  Tlbiioucuoro  ymmepcureaa,  1957. 

38.  Archbold  E.—  J.  Scienl.  Instrum.,  1957,  34,  0.  240. 


no 


■ MexoivronauKiiii  cjmtmecKtm  >nyp>ian,  1957,  3,  3,  ^84- 


1958,  8,  2,  196 
5,  260. 

Instrum.,  1960 


31, 


C. — Abt.  cbiia. 


39.  Novak  R. 

1957,  7,  4,  4.32. 

a?  w 3 f * h,  G * Z e 1 5 5 C — Optik,  1958,  15,  1 1 , 694. 

41.  Novak  R.  — MexocaooauKiiu  (piuimccKmi  x<ypua.i, 

42  ?7*  r,(l‘  G-  Alaier  W.— Ann.  Phys.,  1959  7,  3 
2 jjj3  S 1 u b b s H E > p h * 1 I ‘ P s R-  G — Rev  Scienl. 

No  1 v,,™  3 V"  " * 8 A <1>'’  K P e M c " i y r c k ii  h 71 

jN«  Ioo070. — nio.i . ifsotfperciinff,  1%1,  4. 

45  I o p « .1  ii  k 71.  71.,  71  o 6 ii  k o b E.  A. — )KT<1>,  1961,  31,  1 125 

,,  46  ® ? p f C k e r J.,  Sleeker  K—  Wiss.  Z Martin  — Luliicr  Univ 

^ 3 a?  ~r' ll  cnbrrK’  nalurwiss.  Reiehe,  1961,  10,  5,  917.  1 

op  e /i  11  k 71.  71.,  K o b a a b c k 11  it  II.  r II  o 3 r o p 11  u m H ai 

c h II  h U u II  B B.  - UAH  CCCP,  1962,  147,  576.  P M ’ 

48.  71  11  b e 11  n o n A.  B.,  Al  a p k o b M.  H — 71  AH  CCCP,  1962,  148  344 

9,  344  L M"  ' e 1 n b f r R R • ‘'I—  Rev.  Scienl.  Instruni.,  1%2.  33, 

50.  G I i o k II.  S - Rev.  Scient.  Instrum.,  1962,  33,  II,  1268 
Jl.  /ft  y k o a A.  r—  OmiiKa  11  cneKTpooKoniiB,  1963,  14.  3,  422. 

1963,  ~8,  18P  ° M ' " q y r C K " " Jl'  c — OnniKO-Mexaiiini.  n’poMbiiuaeimocTb, 

ytK  1963,  X'  7. Ml  r c k 11  ^ C-  M a a'-  " >-  » a-  * ■ c a m o ii  a o b B . B- 

„ M a p 8 0 B Al  II  Al  c p c o h II.  H.,  Ul  a a 11  m o B M.  P _ Kocmh- 

vecKHe  HccaeaoBamm,  1963,  I,  2,  235.  oocmh 

55  T o p e a h k 71.  71.—  >KT<P,  1964,  34,  496. 

57  wY/oVa*  r'  Jn'  C H " " “ H " B B—  >KT<J>,  1964  , 34,  3,  .506. 

S u y*°B  A-  r.,  PyKMiH  T.  H.—  nT3,  1964,  2,  133. 
ro'  , a p*  ° 8 H.—  OnTHKa  h cncKTpocKonH«,  1964,  17,  6.  934 

S f-  U c ,k  S~Z  an8«w  Phys  . 1964,  17.  I,  48 
60.  Luck  G.—  Z.  angew.  Phys.,  1964,  18,  2,  84. 


cor 


7 70 70046 


PAGZ 


6!.  At  a p k o b At.  H - Ovvuikj  h cneKTpocKomm,  1965,  18,  1,1 19. 

62.  P e a k o 6 o p o a bi  ft  KJ.  H , <J>  e a v n o » B.  H Xvi  <t>,  1965,  35,  9, 

1652. 

63.  B 1 e v i ii  W.  R.,  Brown  W.  S. — .1.  Scient.  Instruin.,  1965,  32,  1, 

19 

64.  Deb  S.,  Mukherjee  Al.  K — Infrared  Pliys.,  1965,  5,  3,  101 

65.  K or  tu  in  II. — Fainyerate  teclmik,  1965,  14,  II,  461. 

66  Kor  t n m H. — Symposium  Photon • delators,  Imeko,  1967,  Warshavra. 

67.  Novak  R.,  II  r b e k J. — Czech.  J.  Pliys.,  1968,  18,  10,  1423. 

68.  K p e m e ii  <i  y r c k n ii  71.  C , .'I  i.i  c e ii  k o B.  C , At  a a b h c n A <J>., 

P o ft  u ii  ii  a O.  B. — AKHC,  I960,  4,  4,  298. 

69.  Robinson  f.  S. — J.  Scion!  instr.,  1952,  29,  10,  311;  1953,  30.  4, 
142 

70.  At  a p k o b M.  H.—  }KT<i>.  1951,  24,  10,  1867. 

71  71  n a ii  o n - K a o k o ii  B . II,  C t a x o b c k ii  ii  A.  J...  OcTtp- 

m a ii  21.  A — 1 li'iopiiTe.ihiian  Texuuna,  1957,  2,  37. 

72.  Hiiihob  - Kjioko  b B.  II,  II  a a n u u ii  a II  A.,  C i a x o b • 
c k h ii  A.  71.  — 1 1 1.9,  1963,  6,  89. 

7".  Al  a a b ii  e n A.  <!>..  Eeeabcon  At.  17.,  K p e m e ii  <i  y r - 

c K ii  ft  .7.  C.  — V<1>>K,  1961.  6,  6,  881. 

74  At  a a b ii  e b A.  <l>.,  Ece.itcon  At  II. — IIT3,  1961.  I,  137. 

75  E c e a b c o n At.  II.,  K p e ii  e ii  >i  y r c k ii  ft  .7.  C,  Al  a.n- 

II  CB  A.  <6. — y<6>K,  1961,  6,  3,  420. 

76.  K a p t a in  o b A.  B.,  At  a p k o b Al.  If.—  IIT3,  1968,  4,  142. 

77.  Becker  (!.,  Al  o o r e II  J.  Opt.  Soc.,  America,  1946,  .36.  351. 

78  K o it  o i e ii  k o II.  21  — >K r<I>.  1950,  20,  6,  615. 

79.  Wormier  E.  At.—  J.  C)pt  So,  , Aim ric.i,  1953,43,  15 

W).  K o ii  o a e n k o II.  ,7  — ,V<I>||,  1955,  55,  2.  28.1. 

81.  G i 1 1 f>  a m E. — J . Scient.  Inst  rum-,  1956,  33,  338 

82  UoroMo.ioB  B.  II.,  II  a a ii  c a n c k ii  ft  IO  B.,  K opii* 
(J)  e a b a Al.  II.,  Coiaaa  .7,  C , (3  r p v n n n P.  H.—  'KI<I>,  1957,  27, 

I,  213. 

83.  K o p ii  ij>  e a i,  a At.  11  — /KT<b,  1957  . 27,  1,  2652. 

84.  V a r i c a K.  Al. — Amor.  J Pliys.,  1958,  26,  8,  55|. 

85  A s t h e i m e r R.  W.,  \\  ormser  E Al— J.  Opt.  Soc.,  America. 
1959,  49.  2,  179. 

86.  I>  y p k ii  n A .7  , III  e <[i  r e a b II  T <PT I , I960,  2,  2,  288. 

87.  Astheimcr  R \V.,  I)  c \V  a a r d R , Jackson  E.  A. — J.  Opt 
Soc  , America,  1961,  5,  12,  1387. 

88.  Dreyfus  Al.  G Appl.  Optics,  1962,  6,  5.  615. 

89.  Jones  R C. — Appl  Optics,  1962,  I,  5,  607. 

90.  AA  i I e v i:  Al  — Electronics,  1962,  35,  10,  17. 

91.  Appl  Opt i,  . 1963,  2,  I). 

92.  L a v a n J T — Liijht  and  lle.it  S'  imiil',  1963,  I’ercamnn  Press,  Oxford  — 
London  — New  York  Paris. 

93.  Beer  man  11.  P , Rozett  G.  C. — Rev.  Scient  lnslrum  , 1965,  36, 
8,  1258. 

9!  Jones  G.  E , Hilt  o n A.  R.,  I)  a in  r e I J.  B , II  e I m s C.  C. — 
Appl  Optics  1965.  4.  6,  68). 

95.  Rev.  Scient.  lustrum  , 1965,  36,  6,  151 

96  S hep  liar  rl  G.  G — J.  Appl.  Pliys.,  |9f>5,  36,  10,  3300. 

97  B r e r m a n II  P. — Amcr.  Ceram.  Soc.  Bull.,  1966  , 45,  1,  2 

98.  Can.id.  Contr.  and  Instrum  , 1966,  5,  12,  42. 

99.  K p e m e ii  m y r c k ii  ft  .7.  C.,  .7  ucchko  B.  C.,  At  a a i>  ii  e b A.  <t>  , 
P o ft  n ii  ii  a O.  B.—  >KnC.  1965.  4,  4,  298 

100  K o p o n lo  k B.  C.,  C a o 6 o a h ii  kj  k A.  H — PaAHOjucKTpoiiHKd, 
1967,  10,  1,  82. 

101.  Electr  Induslr.,  1967,  104,  537. 

102  1)(  W a a r d R.,  Weiner  S — Appl  Optics,  1967,  6,  8,  (327 


770  }()  S 4 6 


P A * E j* 


roc  = 


103  G o e I z A.— Phys.  Rev.,  1939,  55,  1270. 

104  Andrews  D.  H,  At  iltonR.  AL,  [)  e s o r b o W.—  J.  Opt.  Soc., 
America,  1946,  3K.  352A:  1910,  36,  9,  518. 

105  P ii  s o n N — J.  Opt.  Soc.,  America,  1948,  38,  10,  845. 

100  Milton  R M. — P.liem.  Rev.,  1940,  39,  3,  419. 

107  KuolK  S , V o I g e r J.—  Physica,  1953,  19,  1,  40 

108  S w e n s o n C.  A , E m s I i e A.  G. — Proc.  IRE,  1954,  42,  2,  408. 

109  B i « c h o f f K , J u s t i E.,  K o Ii  I e r M.,  Lautz  G — Z f Natur- 

forscli,  1955,  10a,  5.  401 

110  II  u I ber  t 1.  A.,  J ones  G.  O. — Proc.  Pliys.  Soc.,  1955.  68,  43IB, 

801 

111  Tempi  ton  I M. — J.  Scient.  Instrum.,  1955,  38,  8,  314 

1 12  Roberts  L.  ,M  , F r a v S.  J — J Scient.  lustrum  , 1950,  33,  3,  1 15. 

Ill  Do  Iron  men  A.  P..  B e a r I e C — Physica,  1957,  23,  8,  785 

111  Olsen  .1.  L. — Rev  Scient.  Instrum.,  1958,  29,  0,  537 

115  B i o n <1  i Al.  A , Forrester  A T. — Rev.  A\o<J.  Phys.,  1958,  30,  1 109. 

1 10  Dean  T J.,  Tones  G O.,  .Martin  D.  II.,  M a w e r P.  A., 

PeriyC  II  — Physica.  1958,  24,  151 

11/  Hoyle  W S , Rodgers  K F.—  T.  Opt  Soc.,  America,  1959,  49, 
I,  60 

118  Boyle  W.  S.—  J Phys.  Chetn.  Solids,  1959,  8,  321 

119  P e s t c i I P„  Philip  R. — C r y o g e n i c s,  I960,  I,  1 , 19. 

120  Al  aim  e n A <t>.,  K p e m e ii  >i  y r c k ii  ii  .3  C.  — OrmiKa  ii  cneKipo- 

CKomir  I960,  9,  4,  510. 

121  Dean  T.  J.,  .1  ones  G.  O.,  Al  a r t i n D II.,  Al  a w c r P A., 

Perry  C II.  — Optica  acta,  I960,  7,  2,  185 

122  Ginsberg  D.  Al.,  T i n h a rn  Al  — Phys  Rev.,  I960,  118,  4.  990. 

12,3  l.alevic  B.-J.  Appl.  Phys  , I960,  31,  7,  1234 

121.  Floor  D,  Dean  T.  .1,  Jones  G.  O,  Martin  D H., 
M a wer  P.  A.—  Proc.  Roy.  Soc.,  1901,  A2I0,  130.3,  510. 

125.  11  I o o r D — Prohl.  Low  Temper  I’livs.  and  Thcrmod  . 1962,  2,  235. 

120  Broom  R.  F.— Nature,  1901,  190,  1780,  992. 

127.  1 1 o I s c h 11  - \\T\s.  Z.  .Marlin  l.ulhrr  L'niv.,  Halle  — Witten- 
berg, A1.il h.  naturwiss  Reichc,  1901,  10,  .5,  907. 

" 128  Low  T.  J.— J.  Opt  Soc  , America.  1901,  51,  1:100. 

129  J o n e s G.  O.,  Al  a r t i n I)  (I. — Proc.  Roy.  Soc.,  1901,  AI62,  10. 

130.  Al  a r t i n D II  , II  I on  r D — Cryogenic.,  1961,  1,  3,  I. 

131  11  i a r .1  J.  R.—  Proc.  IEEE,  1963,  51,  2,  327. 

132.  lloffrnan  A.  R Appl.  Optics,  1963,  2,  II,  1201. 

133  K a 'i  ii  u c k ii  ii  IV  11.—  FI  13,  1967,  5,  207. 

134  F r a ii  z e n \V .—  J.  Opt.  Soc  , America.  1903,  5.3.  5.  596. 

135  Low  F.  J . — Proc.  IRE,  1903,  51,  9,  1171 

136.  L o w F.  J Hoff  m a n A.  FV  — Appl  Optics,  1963,  2,  6,  619 

137  B u c r a ii  k ii  n A.  It  , Al  e ji  b ii  h k It  F — HT3,  1963,  I.  189, 

HOT*.  1962,  42.  965. 

138.  II  a ii  k p a r o B FI.  A.,  B ii  n o r p a a o u a .T.  Al. — OimtKO-Mcxaiiii- 
Mecnan  npoxihitn.iemiocTb,  1964,  7,  2:  1964,  8,  2;  1961,  9,  I. 

139  Galloway  D.  G , In  1 b cr  t C.  \V.—  Rev.  Scient.  Instrum.,  1964, 
85,  5,  628 

140  Parkinson  D.  H — .1.  Scient.  Instrum.,  1964  , 41,  2.  68. 

141  Richards  P.  L. — .1.  Opt.  Soc.,  America,  1964,  54,  1474. 

142  II  a ii  k p a to  ii  It.  A.,  K o p o t k o ii  B H. — OnTiiKO-MexaiiH'ie- 
cican  npoMbiiiiJieiniocTb,  1965,  9,  18. 

143  Low  F.  .1—  Proc.  IEEE,  I960,  54,  4,  37. 

144  Andrews  J.  Al.,  S t a n d b e r g Al.  W P. — Proc  IEEE,  I960,  64, 
4,  86. 

145  3 a fi  u e b T.  A.,  X p e 6 t o b H.  A.—  OnTHKO-MexamnecKaR  npoMbmr* 
aeriHocTb,  1966,  I,  34. 

146.  Clarke  J.— The  Phylosophlcal  mag.,  1966,  13,  121,  115. 


770  1 7 H 4 1 1 


P AO  E 


% 


DOC  = 


147.  C a v a 1 I i n i M , G a I I I n a r o G , Socles  G — Z.  Naturlorsch, 
1907,  1122a,  3,  413. 

148.  1 1 a ,i  k p a t o n 1 1.  A.,  B it  ii  o r p a a o n a .’I  M , 14  y x o n K)  I'  , 
UI  ii  6 a e n a O.  A.—  OnTiiKO-MexaiuiMPCKaa  npoMuiiuemiocTb,  1907,  8,  I 

149.  F o i I s C.  L. — Rev.  Scient.  lustrum  , 1907,  38,  0,  9 

150.  Cannon  W.  C.,  Chester  M. — Rev.  Sclent,  lustrum.,  1907,  38, 
3,  10 

151.  R i es  P.  R.,  Satterthwalte  C.  B. — Rev.  Sclent.  Instrum., 
19G7,  38.  9,  1203. 

152.  S n a v e I y B B.,  Yutr  y J.  C — Rev  Scient.  Instrum.,  1967,  38. 

5,  125 

153.  KopoTiton  B.  II,  Kopiiayxon  K).  II,  P o 6 a m e b - 
c k ii  ft  M.  B. — OuriiKo-Mc.xaiiii'iecKaii  iipoMbiuiaeiinoeTb,  1907,  5,  21. 

154.  M e r r i a m J.  I).,  E i s e n in  a n W L.,  N a u ir  1 e A.  B.  — Appl 
Optics,  1907,  6.  3,  507. 

155.  Sc  Ii  \v  a r / R — Rev.  Scient  lustrum  , 1919,  20,  12,  902 

150.  II  o r n I |>  I).  I-.,  K e e f e .1  O — Rev  Scient  lustrum.,  1947,  18,  7,  474. 

157  Cary  II.,  George  K P.  -Pliys  Rc\  . 19(7,  7),  l,  276. 

158  F e I I £ e t t P.  IV  — I’roc.  Pliys.  Soc.,  1919,  62,  351 

159  Perkin  F.lincr  News.  1951,  2,  2,  t 

100.  Sc  Ii  \v  a r z F.. — Reasearcli.  1952,  5,  405. 

101.  B r o \v  n I)  A.  IF,  C Ii  a s m a r R IF,  F e I I pe  t t P.  F.—  J.  Scient. 

Instrum  . 1953,  30,  0,  195 

102  Mo  lie  h G.  C - Ann  Pliys  . 1951,  12.  Ill  -0,  161. 

16.1.  At  o Ii  r T -Ann  Pliys  . 1953,  12,  114—0,  175 

lOt.  K <>  i i.i  p e n [i  II  — II hi  .'Font,  1950,  .0.  37. 

165  Kessler  R — Z aintew.  I'livs  , 1957,  9,  8.  408. 

100  |i  p o y ii  in  i c ft  ii  A.  At  , K p a c n a i.  ii  u k o n .7  Tj  — Onnixa  n 

cncKTpocKoiiiiH.  1958,  4,  3.  412 

107  Sleeker  K — tti"  Z Atari  in  Luther  laiiv.,  Halle — Wilenberc, 
Atalli  n.it unv i s Reiche,  1958  59.  8,  6,  III 

168  K /roll  t R , A n g s t r 0 in  A K , D r u m m o n i!  A.  J. — .1.  Opt. 
Soc.,  I960,  50.  8,  758 

169  K v ii  m ii  ii  c k ii  ft  O II  . Iioroa  o ,'i  on  11  A OimiKoMexaini- 
lecKaa  iipoMbMiaemntcTb,  I960,  9,  21 

170  O w o r o n I E , C M ii  p ii  o n II  I .(cun  a in  ii  u KF  A — Hum  • 
<J>h  i wvpn..  I'liil , 4,  40,  90 

171  McCarthy  D I I Opt  Sc,  Aimri.a,  1961,  51,  7,  601. 

172  K y ii  'i  ii  ii  c k ii  ft  (>  II  , Ii  •>  r o u n i n b II  \ , J a 6 o .1  o r • 

H H ft  II  II,  Ii  r i V .1  n ■ II  A (mini  Mi  \ mini  Kaa  npnMUiii.iciinocTfa,  1961, 

8,  27. 

173.  K o 3 H p e a Ii.  1 1 II  hi  .Hfll.  1 9* *11.  II.  t,  22,  4 I 

174  *1  e p ii  a k o a — I Inin  -*|*ii  i ixypu  . I9i»3.  \:  9,  44 

175  S i m in  « IF  L.,  P i c K a r d R \\  . II  i n k I e v P l.  — J.  Sclent. 

Instr  . 1962.  39,  5,  204 

176  HneKTpiiiiiiK.i.  196.1.  36.  21.  12. 

177  Inslr  and  Omtr  Syst  . Pat.:,  .16,  5.  Ii 

178  Kramer  L. — Jcnacr  .Fihrluich.  I9iil.  I,  77 

179  K n r t n m IF—  Feincerate  Ictliink.  IIHil,  12,  561 
180.  K or  i.i  pen  Ii.  II  Ifni  .1.4111.  I'HiO.  55,  3,  59.  190 
|8|.  Clack  II  I.  — Appl.  Optics,  1967,  6,  12,  2151 

182  I)  r ii  m m e r L.  F.,  S a n d e r s o n .1  A — Appl  Optics,  1967,  6,  12, 

2190 

183.  Appl  Optics,  1968,  7,  5,  A 34 

1 84  Stair  R . Schneider  \V . E . , Waters  W . R . , J a c k • 
son  .1.  K — Appl  Optics,  1965,  4,  6.  703 

185  Astheimer  P W , Weiner  S — Appl  Optics,  1964  , 3,  4 . 493. 
186.  Bed  h rep  on  M.  -T. — 71AH  CCCP,  1933,  4.  149,  1938,  10.  9,  687; 

— Saaoacxa*  aaOopaTopHii,  1947,  13,  4,  426. 


770  4 CH4  6 


1 

4 


! 


r:rc 


PAuE  ^ 


187  T c P 0 mi  II  A H.,  npocjMicKHt  H.  1\—  Hsb  AH  rjCCP,  cep. 
(}>«*.,  1915.  9,  3,  201  H 

188.  Weiss  R.  A — J.  Opt.  Soc.,  America,  1946,  36,  6,  356. 

189  G o I a y A1  J.  E — Rev.  Scient.  lustrum  , 1947,  18,  5,  347,  357;  1949,  20, 

II,  816. 

190  Weber  P.  F — Optik,  1950,  A6,  3,  152. 

19!  C r e n a i>  o u B H.,  I'  u p u u O H. — }!<3id>,  1950,  20,  10,  947. 

192  Savitsky  A.,  Halford  R.  G._  Rev.  Scient.  Instium.,  1950,  21, 
3,  201 

191  B ac  ii  ,n  e d P.  A.,  >K  a 6 o t h h c k h S M.  E - >KT9>,  1953,  24,  5, 
571 

191  II  a o.i  e ii  k o B.  A.  — 3aBO.icxa;i  .isOopaTopiiH,  1954,  7,  868. 

195  Caa.ib  A.  O.—  >KT't>,  1956,  26,  I,  157. 

1 9i'  H aiuparoB  H.  A.,  la  .1  k ii  n 71  II.  — OnniKo-MexaiiHuecKafl  npo* 
MUUMeiiiioerb.  1957,  I,  67. 

197  II  a ii  k p a t o b II.  A.,  H e 4 a e b a 71.  M. — OnTiixo-Mexami'iecxasi 
npoMMiiiacioincTh.  1957,  4,  8. 

198  II  a II  K p a t o b H.  A.—  Ontiixa  ii  cneKTpocKomm,  1957,  2,  5,  662. 

I"9  II  a ii  x p a i o b H.  A. — OnTHKO-Mexaiimiecxaii  npoMMUi.ieHiiocTb,  1957. 

3,  7,  1957,  2,  6. 

200  Jones  R.  V — Proc.  Plus  Soc.,  1958,  71,  458,  280. 

201  Yosihar  a K.—  J.  Spectres  Sns  Japan,  1958,  7,  1,  29. 

2o2.  Yosihara  K — Sci  oi  Light,  1958,  7,  3,  67 

2o3  Caotiojicxa  a (I  B— Oiitmk..  ii  cneKrpoeKoniift,  1958,  5,  3,  342. 
201  Kaiser  R.~  Canad.  J.  Phys  , 1959,  37,  12,  1199. 

205.  II  a n k p a r o b 11.  A.,  B ii  n o r p a a o b a 71  At. — OniHxa  ii  cnexT- 
pocxonrm,  1959,  7.  6,  789. 

206  II  a b a c ii  x o B A — B xii  : Ten.ion  xmi'iecxuc  u mimmko-icxmo.ioi  h- 
verxiie  npuOopw  n peryanropu.  Maim  in.  M .1  , 1959 

207.  Jones  R \ - Proc.  Roy.  Soc.,  195!),  4249,  1250.  100. 

208.  Jones  R V.,  K i c h a r d s 1.  C.  S—  J.  Scient  lustrum  , 1959,  36, 
2,  90 

209.  Yosihara  K.  — Sci  of  Light,  1959,  8,  I.  I. 

210  Caaab  A O. — Oivriixa  « eueXTOoexonini,  195'*,  6,  550.  1959,  6,  2. 

219. 

211.  Caa.n  A.  O. — )Kr<I>,  1959,  29,  3,  124 

212.  LI  a u x p a t o b II  A. — OiiTiixa  n cneKrpocKonmi,  1960,  8,  1,  109. 

I ,^13.  H a a k p a r 0 n II.  A — OnTiiKo-Mcxaiiii'iivx.iB  npoviJiii.ieiuioerb,  I960, 

214  Yosihara  K.—  Sri  of  Light,  I960,  9.  2.  75. 

215  ff  a 11  x p a r o e II.  A , B a a o r p a a o a a 71.  M AuTOM.iTHiecKiie  ra- 
3oaiiaiH3.iropM  UIIHIII.  .M  , 1961. 

216  P o .1  y 6 k o u B (.. — OnTiixo-sicxami'iC  K.in  npoMnui.iemiocii.,  1961. 
12.  20. 

217  H a 11  x p a T o B II.  A , II  a c 11  .n  e a 3.  <f> — Oimixa  11  ciiexTpocxo- 
min,  1961,  10,  127. 

218  II  a 11  x p a T o b If.  A — OnTHxo-Mexaiui'iecxaii  iipoMijiii.iciiiiocTb.  1961, 
7,  40;  1961,  4.  7. 

219  I!  h 11  o r p a a o b a 71.  M. — Omnxo-Mexami'iecKan  npoMumaieimocTb, 

1962.  1,  26. 

220  (.  m b x o b A A.,  A a e p b a 11  o b II  A. — Oimixa  11  v ncKTpocKonHH 
1%3,  15,  3.  414. 

221.  II  a 11  a p a r i)  a H.  A.  A*Tope<|icpaT  xaiii  ,mec.  LOU,  71.,  1962. 

222.  Bo  i I e us  II.  L.  .1. — Light  and  Heat  Sensing,  1963,  434,  Pcrgamon 
Prc  s,  Oxford  — London  — New  York  — Paris. 

223.  BMiiorpa.tOBa  71.  M. — OnTHKO-MexaiiH’iecxan  npoMbiuiaiemiocTb, 

1963,  10,  58. 

224.  HaaKDaToi  H.  A.—  B kh.:  <t>H3Ksecxne  npoCaexba  cneKTpocxonHH. 
2.  Haa-po  AH  CCCP,  M , 1963. 


DOC- 


770  ■>3*46 


PAGF 


225.  FI  a h k p a t o b M.  A.,  B a c ii  .1  b e n 3.  B , KopnoyxoB  IO.  H.— 
OnTMKo-MexaiiH'iecKaii  npoMbmiJiemiocTb,  1903,  2,  25 

224  UaiiKpaToH  H.  A.,  I'  o a y 6 k o b B.  C. — 0:miKOMexani"iecK.in 
npoMum.icmiocTb,  1963,  6,  35. 

227.  KopoTKOB  il.  B. — OnTiiKo-Mi‘x;imi'iccK.i!i  iipovbiui.K'MiioeTb.  1901,9,25. 

228.  Kopotkob  II.  B.,  H a n k p a t o n II.  A. — OuniKo-Mcxaini'iecKan 
rpoMbmi.’ioiiii'KTb,  1904,  3,  35. 

229.  C ii  ii  non  A.  A.,  Ilono  h a 3.  4 . — ITl'3,  1905,  2,  140. 

230  Co  I I i ns  D.  A — Rev.  Scient.  Iinlrum.,  1905,  36,  0,  850. 

231  Sc  human  M. — Appl.  Optics,  1905,  4,  II,  1442 

232.  I p n ii  e ii  k o O.  PI. — y<t>>K,  loot),  II,  1.  80. 

233.  II  on  h ko  b M.  M. — VO’/K,  1900,  II,  1.  35. 

234.  Ilennerich  K.,  1.  a h m a n n W.,  \V  Ii  i t e \V  — Infrared  Pins  . 
1960.  6,  3.  123. 

235.  B p e c ji  e p II  II  — OnniKa  u cueKTpocvyamut,  1907 , >3,  6.  973. 

236.  C ii  a k o n A.  A.,  1'  V n B.  B. — IITM,  1907,  I,  193 

237.  Hill  D \V.,  Powel  I 7-  I Scient  lustrum.,  1907,  44,  9,  731. 

23H  C a a Ji  b A.  O — )KI1C,  1908,  9.  I.  108 

239.  Urbach  T.,  N a i I N.  R .Pearl  in  a n 1). — .1  Opt.  Soc..  America, 
1919.  .39,  1011 

210  Astheimtr  R.  \V.,  \V  o r in  s e r I'  31. — J.  Opt.  Soc.  America 
1957,  47,  4,  310 

241  II  a r d i n g W.,  H i I s u in  C.,  N o r t h r o p D.—  Nature,  1958,  I SI, 
4010,  091. 

242  Weike  W.  K.— Proc  IRE,  1959.  47.  9,  1593. 

243  A s t h c i in  e r R.  \V.,  \V  o r ni  s c r E.  Al.  J . Opt  Soc.,  America 

1959,  49,  184. 

211  11  i 1 s u m C.,  Harding  \V.  R. — Infrared  Phys  , 1961,  I,  1,  07. 

245.  (i  a r b n n g M.,  V o g I T.  P.,  H anse  ii  J.  R. — J.  Opt.  Soc..  Arne 

rica.  1901,  51,  3,  261. 

246  «I>  a e p m a n I'.  13.,  C n n u o n B.  1 1.,  II  o n o b a K.  B. — OnriiKO-Me- 
xaini'iecKaii  npoMMin.'iciiiiocrb,  1962,  II,  27. 

217.  McDaniel  (i  W.,  Robinson  D.  Z. — Appl.  Optics,  1902,  1,311. 

248  C ii  ii  u o n B.  H. — OrniiKO-Mexaini'iecKa'i  npoMhiujJtoHiioi  n>,  1903,  4,  23J 
1964,  12.  I. 

249.  11  a n s e ii  .1 . R , 1-  e r g a s o n .1  L , Okava  A. — 5pp>.  Optics,  1964 

3,  8,  987. 

250.  C it  ii  ii  o n B.  II. — Oiinim  n cueKipocKonmi,  1966,  II,  3,  402. 

251  A c t i eft  m e p P. — It  mi.:  lljMepe.me  net!  iuiio:'  pimx  TC'ineparyp 
ii  Ten.ioB'ax  iiotokob  I!.  I,  M.,  1966 

252  ll  n c i m k o n ||  1.  /Kinxiie  Kpii'  iajiau  tllayK.it,  M.,  I960 

253  il  o ji  o A y r ii  ii  a 13  ( . , C ii  ii  u o n fl . II,  BocKpeceii 

c K a n B 11.,  71  e b ii  ii  B 'I  - - Oiitiiko-mi  x.iiiii'it  t'Kan  npov;  ijj.aem'o  crb,  1907 
11,5. 

251  K o a i.i  p e n B.  II.  B a c ii  -a  I,  e n B.  11  — Oiitiiko  MoxaiumecKafl  npo 
Mbiiii.iriiiKH ti„  l'N.7,  11,01. 

25.5  K o c ll  P II  B,  Oertcl  11  — I’rnc.  IEEE,  1907,  55,  3,  193. 

250  Sintsov  V.  II  — Appl  Optics,  1907,  H.  I!,  18-51 

257  II  ukobck  ii  ii  M A.,  K p c >i  o ll  a \ r t k ii  ii  .3.  C.,  At  a.n- 

ii  c b A.  <l'.,  C K a h p e ii  k o C.  K — B mi.  Icmcu  it.KJia.ion  Bcect'.o moil  MejK- 

ByaoBt  Koii  Koiitpt  p< mum  no  s/ieMtiirau  pn.nt><vicMpp,;iiiJX  ycrpoikiB  ii  vtiKpoaaeK- 
TpoHHKii  na  AiujicKTpiiKax.  H.1.1.  N r:pl  II II 1 1 1 1.  K . Plo7. 

258  II  e ji  b n C,  il  y ii  71.  At  . il  o n it  k B K , Pea  1 1 C. — PamoTcxiiii 
Ka  ii  i.'.CKTpomiKa,  1908,  13,  1,  183. 

259  C H n U o n B II  — OimiKo-Mexaini.ict k.oi  iipOMblin.icimoCTb,  1908,  9,  6 

260  A s t Ii  e i m e r R \V  , S , Ii  tv  a r t Appl  Optics,  1968,  7,  9,  1087 

261.  Surgan  I).  II.—  Elect i Design,  1908,  IH,  5,  34 

2t>2.  Eergason  J.  L. — Appl  Optics,  1908,  7,  9,  1729. 

263  Put  ley  E.  H.  J. — Scient.  Instrum.  1966,  43,  12,  857. 


t >0 


7704dH4o 


p a f 


Pd  If'  4 4. 


Chapter  II. 


FASES  "F  PHYSICS  OF  FERHT. ELFCI  PIC 


I r,  ’hf  present  c a a n r e r is  -iiv-n  the  basic  information  about 
f erroeloi.-tricit  y and  lurellar  !•:  rrce  lectric  material  necessary  to 

th°  an  :«  ls  t a nding  or  the  physical  operating  or  irciples  ot  the 
r yco-'l  ■•'r*  r ic  radiation  detectors  and  ferroelectric  bolotot  nrs. 

e 1 . laser.  of  the  t h or  nc  3 y nan  ic  theory  or  t * rroe lectr ic. 

A’.  1 crystals  (Fid-  1)  in  accordance  <t  ith  t.hoir  ce  1 1/ele  ment  r 
ct  i/mrr-ry  can  be  distributed  t0  32  crystallographic  classes  [25'. 
*wcr.ty  or  cl  assos,  iepriv-'i  ot  sytr.nio*  r > cent  er,  have  one  or  several 
pol >i  ax^s  and  therefore  they  Can  possess  piezoelectric  properties. 
From  t h‘*se  twenty  piezoelectric  classes  ter,  they  havn  special  polar 
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axes  and  at  called  py  r co lee t 1 ic. 
hav'-'  cry  st  al  1 ograph  ic.al  ly  re  it  so 
carrot  i ■*>  changed  to  opposite  any 


'7i'  c special  pel  at  axis  it  Iocs  not 
f «tuiv alt.it,  and  its  1 i rec 1 1 cn 
co  1 1/->1  emon  t cr  th^  symmetry  of  th. 


foint  -rou{  of  crystal. 


Pyroelectric  crystals  arc  suontanc:usiy  polarized  in  ♦he  abseric- 
f xtorno]  electrical  riel  i.  llowevn  polarization  at  constant 
t'-o;-  rat  nr  ■ _t  cannot  be  re  vcc  1/ lot  t c* ed  f com  the  presence  of  surface 
charge.  , since  the  latter  ar  coaii  ensated  tor  ly  volumetric  an  i 
siirt  at.c  t o'  uictivity  of  crystal.  But,  c::  the  ctr-r  hard,  the  value  or 
the  s; ont  a reous  polarization  cf  pyroelectric  crystals  it  depends  or 
♦h»  ♦emnerature  also  during  its  char  je  cn  crystal  faces, 
per: on  :icu lar  to  special  pcjai  axis,  can  be  reveal/detected  charges. 

"'f  ♦ is  consists  pyroelectric  effect. 
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Tr’'  f“rroelect‘--ic  crystals  belong  to  pyroelectric  classes  and 
■ire  characterized  by  the  rev  rsiblr  spontaneous  polarization.  In  the 
Fr.s-nce  of  field,  that  mere  determined  (coercive),  t 


he  direction  oi 


EOC  = 77U4vH4r«  PAilF. 

the  polarization  ni  ferroelectric  can  ! e changed  to  opposite. 

Certain  demon  stra  t i ve  representation  or  spontaneous  polarization 
and  the  re  polar  iza  t i on  or  iert  or  1 octri  c car.  be  obtained  on 
hypothetical  model.  Let  us  visualize  the  crystal,  which  contains  two 
types  of  ions  - A and  E (Fig.  2.2)  [ 26,  44  j. 

Possessing  high  thermal  energy  and  freedom  o:  motion  between 


ions  A,  ior. 

B it 

will 

be  e i u i [ roba b 1 

y displaced 

to  on-*  of 

the 

adjacert  ior. 

5 A , 

so  t h 

at  it  s it  i dd  1 - 

st atist ica 1 

position  w 

ill  be 

equi  list  ant 

'I'OIl 

them. 

1 r.  this  case 

th  t c a r ve  o 

£ potential 

energy  o t 

ion  B will  >.  ive  one  minicum  (Vi---  i.21). 

Certain  quantity  or  ions  L wi*-h  thermal  change-overs  can 
simultaneously  be  displaced  i:  one  -irection,  then  in  crystal  arises 
internal  field.  At  *oji  peiat  urts,  lower  than  critical  (Curia  point 
the  in tensity  of  thermal  agitation  decreases  sc,  that  accidentally 
th*-  emergent  internal  field  be  tble  not  only  to  hoi  1 ions  B in  the 
displaced  position,  but  also  it  will  displace  the  adjacent  ions  B in 
•hr  same  direction.  On  curved  potential  energy  cf  ion  p will  appear 
two  asymmetric  minima  (Fij.  2.2a).  In  crystal  will  arise  the 
spon*  a r.eou  s polari  z.a  t ion. 


If  we  increase  the  applies  ricjl,  applied  to  ferroelectric  and 
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direct*  0 opposite  to  pol  urizat  ion,  potential  minima  will  begin  to  bo 
equal ized. 


Ir 

- : - field. 

jroit"r  t 

la 

r c 

c/'rcivc,  ion  E lur 

ing  thermal 

a u i t i t ; o 

: will  overcome  far: 

if 

r t\ 

E and 

will  charge 

into  the  right 

to*e"  t i a 

1 minimum. 

e a r r y i n g 

of 

f d 

r-er 

itself  ct  her 

ions  B.  In  this 

case  t } 

r i g h t po  t o 

:i  t i a 1 min 

in 

urn 

will 

become  deeper 

iur ing 

removal/ 

taking  a pp 1 

i.  i tie!.’. 

t 

t ha 

n let 

r - 

For 

linear  py r 

oel cctr  i c 

no 

field 

s , u i to  t h o 

disruptive,  can 

re  polarise  the  crystal. 


The  presence  in  the.  let  rod  ect  r ic  crystals  of  spontaneous 


polarisation  in  polar  phase  is 

i nt 

► L • 

sting  not  cr.ly  from  the 

v i - w p o i n * of  solid  s-ate  physi 

cs , 

i ut 

also  in  connection  with  divers 

a p j 1 ica* ion/append ices. 

9*.  °*. 

O 

6 

• 0*0 

o 

o 

o 

0 

• 

0 

• 

O • 

A 8 


fi').,  2.,.  iv  pot  hot  real  structure  and  the  form  cl  potential  energy  ol 
ferroelectric  for  ca^s  of  l <J  (a)  andT^TL  (b)  . 
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Pd^e  HU 


The  sharp  t o m { >ratuce  o-- ; c " i-  nc-  cf  spot  t a roc  us  polarization  ar.t; 
its  derivative  in  terms  of  tie  1 . - dielectric  constant  - lay  as  th-* 
Iasi"  oh  t!  ? creation  ox  pyroelcct  r ic  receivers  and  ferroelectric 
H>lor  '♦  ts.  in  the  ran  je  of  piase  transition  a sories  ox  the  a Hove  ’ 
fen  o-*  loot  ric  possesses  the  ? r.  oral  cus  temperature  cours  * of 
resi stance.  Positive  tee perat ur • specific  resistance  in  them  reaches 
70-f>0o/o  i r.  the  ranjo  o;  ph.^se  transition,  which  makes  it  possible  to 
prepare  hi  ah  ly  sensitive  temper  lturc  sensors  or  t heir  basis. 


I-  cor:  cc*  ion  with  r he  uct  tint  * be  r cr  m/shape.l  in 
fprropbvtric  s -mis  in  j n in?  hick  is  tho  complex  function  of  the 
e 1 ec thermal  in d »eci  nical  proper t ies  c f crystal#  : - is 
necessary  -a  examine  th£  ir  terr*  lat  icn  between  them. 


F : qur  ■ d.  d ji  v - ; the  r e la  * i i j./  tar  5 3 t-tku  n the  v a 1 uos, 

which  char  icter  ize  the  propel t it s of  ferroelectric  crystal  [41 

indicated]  in  t her  mo  \ y na  t.  ic  ui  librium.  In  *he  a pc  x/vert  e xes  of 

external  trianyle  in  symbols  T ( ti-m-j  rature)  , o (mechanical  st  rcss)  , 

F (electric  fiol  1)  are  desiunnt  -d  the  "forces",  which  act  on  crystal, 

while  in  * he  a [ ex/ vertexes  of  irc-innl  triarjle  are  shown  valuer  s 

(entropy),  P (induction),  u (straii),  that.  ,ire  the  rasuLt  ot  the 

action/effect  ot  the  corresponding  "forces".  The  lanes,  which  comb  in* 

in  jair.  t hr  nt’.ir  external  and  internal  ape  x/  vertexes  of  triangles, 

Dt  = 'niii  *). 

de.-, iunafe  ti  ,»  main  effects  (for  example,  ^ while  the  lines. 


( 


implied  the  summat  icn  o»ft  the  *vice  being  repeated  indices. 
E N DF CCTMOT F. 


For  the  characteristic  of  t h-  • ■ r.(  iqy  state  of  crystal  in  the 
general  oa  are  sut'Cici  -rt  1. 1 <rr*  six  coc  i.oncrt?  of  stress  0,7, 
three  components  of  -'lec^tic  r i • • 1 d I-t  aid  temperature  l*.  With  the 
earn-  law  car  be  selected  as  thi  independent  variables  of  the  strain 
tensor  component.  uif,  the  vector  of  i nd  uct  rca  (pclai.  i ?.at  ion)  D,  (P()  and 
entropy  s „ 


The  properties  of  crystals  tarn  out  to  be  those  which  were 
interloched  and  on  e should  exunino  ^ hen  together.  For  example,  during 
a change  in  temper at  arc  cf  T occurs  a cnangt  in  induction  D - the 
pyroelectric  «f£ect,  caused  ' y direct  coupling  T — ? D.  However, 
along  with  t his  co  m ;nu  n ica  t.  i cr./ccnnrc  t i cn  ir  possible  indirect 
coupling  T — > u — •?  D (T  — u — > a — ? C)  , i.  e.  , electrical 
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hi  2-  i.  Th-'rmo.iy  nami  c commui:  ication/connect  icr  between  the  thermal 
electrical  and  mechanical  f rcj  « r *i-  s of  ferroelectric. 

Key:  (1).  F.  l-»ctromechan  ica  1 effects  (piezoelectricity).  (2). 
i lect  r c*  hie  rmal  effects  ( - yr cel er“ r ic) . (3).  r he r moe last ic  effects. 
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Page  47. 


Let  us  exapi.no  i ri  general  Lera  pyroelectric  effect  in 

— > 

fer roe  l*-rt  nc»  Is  j ecom  p u ;r,auc:icn  0 crystal  in  a series  in  fne 
components  > r cl°ctiic  field  £(  and  ot  s tr  ess  «v  Py  sat/assu ming 


induction  changes  small,  we 
i irs  v - cr or  der iva  t l vos: 


restricted  during  resolution  by 


D,(C.  ..  T)  ~ 0,(0.  0.  T)  +(^-)>  t r„  + (%L)r  r«, . ,? 


Here  indices  with  t re-  partial  i :•  r i va  »i  vos  indicate,  with  w hicti 
fixed/ recorded  independent  varialles  are  differentiate.  Let  us  writ- 

D,  (£.  a,  T)  - /7,o  + *nE,  + 4 srf,„,art.  (2.2. 


~ F(/  ~ the  components  of  tl  - tenser  cf  dielectric 


T-  ‘ C4| 

ik  1 

con  st  ant  ; /\ 


- * ne  components  oi  the  tensor  of  pi  czcelectric  module-/ mod  j 1 us. 
Taking  irfo  account  *he  common/ ; -r  . 1/tot  a 1 r e lat  ionsh  i p/ra  t i c, 

which  joins  0,  and  L j with  t pclurizaticn  cf  crystil  /'y  . 

D,  --  E,  -f  4nP(  = £,6,7  + 4nP„  (2  2n. 


K e »e 


I 1 (i  = /) 

I 0(1  + j). 


we  will  obtain 


t.a 


(e„-  — M E,  -j-  cl„,c  .. 
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Cn  '•he  basis  of  Hour's  law 


possible  to  write 


— C/blmU/nti 


(2. 1 1 


wh<-re  Cjktm  an  i uim  are  coit^on-'i  r ..  or  *.ic 
and  strains  respectively. 


■ u 


las'  ic  har  ii 


i u.e. 


^ * ‘in  4.tj  P-f  + diibCibir.Ul-n-  (2.5) 


L't  u . • define  the  pyroelectric  coefficient  of  crystal  y 
it  characterizes  its  pyroelectric  activity  ar  derivative  of 
polarization  P,  in  tens  of  the  tompciat  uie: 


<>l\ 

v‘  ” -3f-* 


(2.(i) 


From  conation  (2.5)  we  will  obtain 


Yi  - 


l 

la 


(7P 


, 1 i> 

‘ 4n  ' <)T  (e"  ®f/)  £/  + <i,,kC  < 

+ 7)T  (dHkCiktm). 


+ 


f i c 


Thus 


expression  for 


he  total  pyroelectric  coefficient  of  free 


cry.  tal  la  - corst)  takes  tho  form 

a i <te,y  ) 

“ VT  + 4jl  ,)f  E/  + dijkC:klmalm  -f-  M/,„  (it,  ,b  C/si,,.),  (2.7) 

wher^  -‘^P-  = aim  ~ "hr  coefficient  of  thermal  expansion. 


Face  4;.. 

T.  e first  t.»r  m y"  tie  * cr  m i r.^s  th<=  py  rcelectric  effect  of  the 
mechanically  jammed  crystal  (u  - const).,  it  they  call  by  primary  (” 
tni=")  . '/nvlectric  effect,  since  i*  ir  caused  fcy  a i ires t /straight 
char  re  ir  "hmnal  energy  of  the  lattice  of  tne  evenly  h«at  ea  crystal 
and  is  not  bonded  with  its  strain..  Tho  remaining  throe  members 
characterize  the  secondary  ("  tal:-  ")  pyroelectric  effect.  Far  from 
Curi--  point,  i:  the  ferroelectric  j ha  so , when  tho  temperature 
dej.erder.cei-  of  dielectric  constant,  p i t zoe  lect  r ic  module/mcdul  us  ard 
elastic  harlnessos  ate  smal  l,  *V‘  rrcct  d and  fourth  terms  can  be 
disregarded.  However,  the  ♦ i ire  term  of  many  ferroelectric  ver  y 
considerable,  and  o."  some  i ntrou-ic-.s  rhe  lasic  contribut  ior.  to 
pyroelectric  effect.  Near  phase  transition  the  second  and  fourth 
terms  car  introduce  the  significant  contribution  to  tho  total 
pyro ?lcct r ic  effect  Ju»  tc  a:  abrupt  change  in  the  liolectric 
constant,  piezoelectric  n odule/mo  lul  i ard  elastic  hardnesses. 

1 ;i  th*-  examination  of  pyroelectric  effect  it  was  assumed  that 


DCC  = 77040446  P AG  t 

t h *'  -Tryst  i 1 is  e venly  seated  (in  it  there  jt->  nc  temperature 
gradients).  .ion uni  term  heating  crystal  creates  the  nonnomog-neously 
stressed  state  in  it,  which  in.  turn,  leads  to  a charge  of  fhe 
polarization  in  crystal.  This  rh.encmencn  is  Known  by  the  name  of 
tertiary  pyroelectricity.  Tertiary  pyroelectric  effect  barely  was 
investigated,  and  a*  present  there  are  no  any  “V-n  estimated  data  on 
its  value. 


In  "he  ieneral  case  each  >r  r.  he  component  ct  the  vector  of 
pyroelectric  coefficient  certains  much  terns  , since  in  ■'xpression 
(1.7)  inter  tensors  TI,  111  an  i IV  ranks.  However,  tne  number  of 
independent  components  of  tensers  donsidoratLy  is  decrease -1  as  a 
resul*-  of  t:.-*  symmetry  cr  crystals.  The  <*!;  .:ct  cf  symmetry  of 
crystals  or  *heir  physical  properties  is  determined  oy  Neumann's 
crincivl-  , according  *■  o ’/non  ♦ 1 o ;.y  nut  * l y or  any  physical  property  i 
must  inclnl  ■>  the  cel 1/elemonts  of  *he  s yam*  try  cf  the  point  group  of 
t h < crystallographic  class  c:t  cr/jtjl.  In  the  lcok  J.  Nuya  [411  arc 
ji  v-r  the  matrix/di^s  of  °qui  1 i r.i  i cm  physical  properties  for  12 
crystallographic  classes.  It  is  iwcwr  t no  point  group  of 
ferroel  'c* tic  crystal,  then  of  the  expressions  for  ‘he  matrix/iies  o 
pi  ez-onlect.  tic  moduli,  elastic  nor  ! i <■  «sr  s,  coefficients  of  thermal 
expansion  and  dielectric  constants  it  is  possible  tc  determine  t.no 
run) t j o*  components  of  pyroelectric  coefficient. 
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Let  u:  • xamin*  eoncieti  ex  pro.  :s  ions  f ci  spontaneous 
polarization,  a iiel  crric  cor.s*anf  inc  pyroelectric  cot  f f ic  ie  i.t  a- 
different  *■  eiipcratur  s and  in  el«c*ric  fields. 

Ai  it  T^srrt  greatest  juai.tity  of  experimental  facts  succeeds 
in  explainin';  within  t he  fiaaiaorr.  of  ginzlurga  - Devonshire’s 
thermodynamic  Mieory  [ 19,  44,  64  ]. 


Faqe-  4 


L'  t us  assume  that  f re*-  er-  rev  of  ferroelectric  is  the 
si  ngl  e-  vul  ued  tunctior.  cnly  c:  polar  ization  and  temperature  A (P,  T),  a 
polarization  vector  P is  directed  ilcrg  ci.-*  cf  the  crystallographic 


axes.  I rr.  v-*stiqdt  c t he 

range  ct  phase  tran 

si t icu , 

where 

t he 

polarization  is  small  or 

equal  to  zero.  The 

n free 

i - n eray 

of  crystal 

can  he  presented  in  the 

fern  of  convergin q 

series 

[ 26  ]: 

A (P,  T)  = A (0,  D + ~ f>°P-  + 4-  t°P*  + *r  lap*-  (2  8) 


The  coef.ici  nts  with  old  terms  oi  expansion  are  equal  to  zero,  since 
trie  roim  of  tlie  function  A aust  no*-  Jcj.-nd  cn  sign  P.  In  equation 
(2.9)  * ie  coefficients  are  determined  with  constant  stresses  a 

(subsequently  index  o let  m for  simplicity  oirit)  ani  in  the  general 
ci  - dei.er.a  on  t 'ji  n.-iatur  s 


D< ' C = 770UJd4f-  PAC5F 

/// 

I.c*  f rev  er.er  g y of  t he  nonpolarized  crystal  be  egual  to  zero: 
(0,  ) - o,  m i on  * .rapera* urr  i^pm  is  cn  1 y one  of  tn»  coe  f r re  i •.*  1. 1 s 

P = J ( • ) • Foe  steady  sta t<  t : cystal  : . d tei mined  by  the  liBiitii 
cf  free  -n.--i.iy  at  *a~  assign*  a » oji  L oral  ur  e . If  r,  and  ? is  aor«*  than 
zero  i : polai  i ; i nonpolar  phases,  t her  t h ana  lysis  or  ex  pres si  or 
for  f r*  e energy  of  systeir  A (P,  -)  lives  following.  With  d > 0 


minimum  of  f 

ret. 

energy  i 

» ioc-m  'd 

dA 

Ucp  t J U Iticn  -rtr 
OP 

= d v 0 a nd 

cor  res  rot.  i s 

t 0 

the  only  t 

:ondi t ion 

(Fig.  r.4a) 

. Ph  ys ica 1 1 y t 

h l 

me  an  s t h it  t 

he 

spontaneous  polar  iz 

at  ion  m crystal 

■hi st  cannot. 

In 

< - root  ut  oguat  ion  (2-d)  F - 0 corresponds  already  t o thr  iraximur 

•:A 

ct  fro  , n^-r  iy,  sire-  \ap*)  < 0f  ana  to  z r.e  ir  in  imnni  or  function  A 

(-1,  ")  correspond  roots  F jgBf)  0.  T in:  polarized  st at e becomes 
ent rqe* ica 1 ly  more  favorable,  a r 1 in  crystal  aptars  spontaneous 
polarization. 

If  we  lisrejarl  toe  term  < • ♦ a.  sixth  cruet  in  ( 2 _ * i)  , ♦ h®  n it  j 
poet  i r le  to  write 

-gp-  = E = PP  + IP. 


(2.9) 


El'C  = 77QU0M46 


PASS  ^ 


If  ' ' i ^ p - p 


as  continuous,  then  such  ti 


ion  i 3 c a 1 1 1.  n i 


retcnd  01.101  phase  transition. 


lh<?  ,asis  OI  common  r > 1 at  ionshi  [/ratio  (2. 2d)  it  is  yossifcl. 


to  istabi ish/insta 1 1 


ccn,n: u'-  ica  t ion/con  r ec  t ion  Let  we°n  dielectr  ic 


cor.s«-ant  e = 4~  and  dielectric  susceptibility  r = *L. 


* = 1 -(-  4nX. 


voar  Curie  point,  who n lielect 


tiic  constant  reaches  large  values. 


X*7-e. 
4 n 


ri  1 N-r.  n-i  atin,  M,:cior  (2.9),  obt  nin  p « -£d_  * J.  t hat 

OP-  y> 

characterizing  the  reverse/inverse  susceptibility  of  crystal.  I 


:r  ior  to  d-scribe  Curie-ioiss' 


'xp  'r inert a liy  es* ablishea/ ins*  ailed 


i*  i-:  possible  tc  wr  in  in  the  following 


i :o  r ra ; 


P = -^(7'-7'o), 


’ cuns'  aT  Ciii.i»;  i0  Curie-weiss  • temperature.  In  this 
car-  ore  should  remember  that  constant  Curie  in  polar  and  nonpolar 
phases  is  different. 


11  ''pendence  of  spontaneous  polarization  P on  temperature  is 
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M 


<ons  + rue  tel  on  t tie  bus  is  oi  expressions  (2.10) 
m ’•'iq.  2m  4 1. 


a reverse/ inverse  lie  lee trie  suscopti 
point  cf  phase  transition  we  have 


r*  is  lower  than  the  transition  tenner attire,  t 
re  la t ion  sh ip/rat io  [2.  1 "i)  , 


j|_ 


<)tr- 


«-2p. 


qerenlence  is  given  in  Fij.  2.4c.  At  ‘nr, 
r h>-ot iea  1 1 v •'•qua  1 to  /.-to,  i f it  recores 


i i ■ x p r ssi  on  for  s,  or;ta  r.,-ous  pciarizut 

*■  h ->  ir  p,  rat  tire  de  per,  df-  i;ce  of  pyroc  ltctiic  coe 


<)P  _ l aj\ 

Y~  <>T  ' «T 


At  transition  noi.at,  accorlitq  to  •.  jiiation  (2. 
coetiiciant  becomes  infinite,  pjt  ir  above  T~ 


» (2.11)  and  is  given 

bility  hiqher  fh an  th 

(2  14) 

akinq  into  account 

(2.15) 

sit  ion  uoint  ~~  it  i. 

<)P‘ 

i n f i r.  i t e . 

l cn  (2.10)  w ->  obt  air. 

rficien-.  y. 

(2.16) 

13),  pyroelectric 
- apparent/imaqinar y. 


roc 
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l’  A G t 


)/6 


dirv.>  y y (T)  is  ) i v ^ i:  in  Fiu„ 


Fas'  5 1,. 


rhe  J^-.ion.lencf*  of  polar:  /at  ior  7 cn  e lectric  field  F lower  than 
the  te;.  per  attire  of  -r.tr..;  iticr  I ^ , constructed  accord  in  .j  to 
re  la  * i ansi.  i p/ratio  (2.  9)  , is  i c-  ; re  .-■>  n t . 1 ir.  Fin-  2.5  (curve  A3  CO)  . 
Section  SO  .loos  not  have  r he  , .lysical  senr;.  , and  crystal  from  state  H 
abruitlv  - unsf  er/con  vc  r t *.o  ate  8,  a trou  C - to  F.  The-  oh-air.  i 


f i ju  r e i s c i 

lied 

li  y s f e n:  •-  i £ 

1 o )p  of 

ferroelectric.  Fxper 

i at  e n tall 

t n ^ taken  r ■ 

lar ions 

h i p/  r a t i c s : 

. t w n l 

a n d f take  the  s i r 1 1 

ar  for  ir. 

T h c h y r.  t.  e r e y 

is  loop 

is  no-  only 

-:s sc  n-  i 

al  : . iture  of  fei  roel 

c c tries. 

but  also  by 

. v iden  c 

e of  tire  pro 

sene--'  of 

the  reversible  spont 

in  eons 

do  1 a ri r. a-ion 

in  i t . 

Cut  GC  = OH 

is  call 

e i co  arrive  field 

, which 

necessary  to 

apply 

to  uverco a: e 

-he  pctc 

rtial  threshold  (see 

Fi  q. 

2.  i.  j)  a rr  1 -o 

con  ve r 

* cr  yst a 1 o i 

on.  ; r a 

-o  intc  another  with 

the 

■'Til  1 1 , 1-  U*  O 

pposit • 

1 y airec-...j 

po  1 tr  iz  a 

tior. . Extrapolation  of  the 

qu  as i- 1 i nea r 

sect i o 

r AF  f^icre 

into r sec 

t i o ri  with  axis  OP  q i v 

es  t h e 

value  of  spontaneous  polarization  »c  (cu*  (ON)). 


nr:  -he  basis  of  equations  (..3),  ( i.  11)  arid  (2.  It)  it  is 

possible  to  find  the  dependence  of  values  y and  £ from  electric 


field  F 


l.f  ■ us  examine  now  ferroelectric  with  lirst-ordor  transition 
'Mirri.vj  the  analysis  or  expression  (2.t)  they  assumed  that  all 
cor t r icier ts  at  teppritur^  liyher  than  the  Curio  poin-  wore 
positive.  LP-  us  assume  now  tlat.  5 < 0,  a f > 0 an:  3 > 0.  from 
trXirosri'n  (2.1)  i’  is  ovi.ion-  (Fr:.  2. ha)  that  in  this  cast  1 r*  * 
eneroy  c i have  e-jual  minima  v ; - h P = C in  1 p 1,  wat  r; 


correspond  to  one  vaLue  P > 


v:-h  P - C and  P ),  wnic) 

^ r v ^ p ) - Thus,  in  / - / to  erv: 

r\ 


oorrospor 1 -wo  steady  stages  with  * . - different  values  of 


polarization  (?  - 0 and 


°)  - transition  of  one  to  ano- h^r 


is  complete.-  by  jure.  This  phase  transition  is  called  or  f irst-ci 


transition. 


l a..  2.  Dependence  of  polar  izat  ion  P cn  exectric  intensity  F. 


■id*  2.  (I.  The  iepen  lence  cf 


son-  character  iat  ic.c  of  ferroelectric 


Df'C  = 

i u t i r,  ] 
A (?) 
po  L i r i 
1 i el  ec 
1 from 

fa  qe  r> 

T 

•-  me 

U"  -1 

Sol  v i n 


Fi  r ii  r • » 
i in ron 
vi  ln>- 
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t : r o-.-or  dc  l transition:  a i f r r r enerqy  from  polarization 
wi'-n  >T^C')  = l0  (^-)  ar.  ; : < T 0 ( ?)  ; t - soon tan eons 


* iti on  from  "■■“operator-  of  I s p ( 


trie  susceptibilities^'* 


; c it  rovorsp/inv-rse 
fro;..  T ; J - pyroelectric  cooff  icier.: 


2. 

v ! 5 ’io  or  l ree  oner  t y a*  transition  pojr.t  is  equal  to  zjrc, 
it  is  tho  continuous  iuncrion  of  the  polarization: 

-4(0,  r)  = -i-Pp,  + -r{;/>‘  + -^^p'  = 0-.  (2.17) 

•ctrio.  field  if  = 0,  then 

--^-r)  ■ = E = PP  + + ?P:>  = n.  (2. 1 8) 

; ' o j -•  *-  h r r (2-17)  and 


2-f»h  iho  wo  that  functior  7 - 2 (T)  undergoes 

■ i mi  it  y/i  nt  e i rupt  ion  at  point  /*  > transf er/con vertin q from  one 
t ° - 0 ‘o  the  next,  .ic-t  or®  ir.ed  i:y  equation  (2.10).  In  this 


(2.1-1),  "•  tin-5  value  of  p = P„  in  point  K 


3 s 


&i*l 


4 1 A 


P = 0. 


(219) 


EfJC  - 77040846 

ca.'-r  t h <■  sxpressio: 
tr  ansit  ion  point  t 

true;  which  i * in  c ] 
<*nd  a 1 no  1 * oxperit 
rs  yiven  in  Fig.  2. 
ot  y.-r  phase  t rat  oit 
?lopi-/incl  in.it ion  o 
rf  i * r i o r- 1 setr  i c w i 

Flora  equation 
depend  on  it 


Fy  [noting  to  use  c< 
€Sta pi ish/install  t h 

f i p 1 ri  e« 

P*  ;)r-n  j ’nee  y ~ 


PAGE 


Mi 


ioi  an  it:v«  :se  lielectric  susceptibility  at 
i <es  1. 1 . n f or -i. 


J 


_L  J! 

ic  j • 


(2.20) 


‘MI  t!  ;,‘  V'J  • f/x*  ar  transition  ooint  is  posit iv 
in*  / tCot  ,j  j,  ...  • .'it  deptr,  deuce  I J'j(  on  tc-tnpe  ratur- 

u*  * ^ ■'  ataiogoas  with  that  done  tor  second 

11  i;  • ossil  It-  to  chow  ti.it  with  T < T0  the 
sttaijht  hne  l/X  is  steeper  * ha  n with  T > T0. 
firs --ore  r Hinduot  10  • 


(2m  1 8)  . ..  . assuming  t a t a lectr ic  field  e d 


• - • w<  will  ott ai i 


oos  not 


V = — 


PJL 

' ,)T 


P l -IIP3  j »5/»« 


(221) 


.nations  (2. IS)  and  (2.2  1).  it  is  possible  to 
• 'lcpendc.no  y and  t cr.  the  value  of  electric 


1 (1)  is  schematically  given  in  Fig.  2.M. 


[V'C 
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" ■<->  j i v 'i:  a l>o  v • ' thertnodyria:;  Lc  t lit  cry  ct  f «•  ir  oe  ] ect  r i c it  y tears 
far-  1 y pi.enoaenoloq  ica  1 charge*  nr.  The  iiol-  "il  ii  st'dijmsn  of 
f error  1 eot  iici*  y is  located  m the  stage  of  de  v c 1 cpment . 7 ho 
r tu  1 jot  1:9  o'  spontaneous  polarizat  ion  c in  to  considered  as  result  cf 
t-h-  cquili  criuic  between  two  tons  ct  react. icn  - "that  wnich  drive" 


’r  furring"  '2-1.  Tht  "i  thing"  reaction  includes 


1 esser.c- 


]ecri  i.;t.  1 1 i c,  whi  1 » to  "1  j*  111  ni  11c  " - ? las 


li.tlC. 


■'he  a icroscopic  theci  / of  ter  to  electricity,  which  is  based  o 
';yr  e ic  loudspeaker  cf  crystal  lattice,  is  deveLoned  by  V.  L- 


hir  ur  j [ 19  \ t v !>. 


iini  1 soi.  L i ] and  by  V..  Sokron  (theory  hook) 


l 2.i  as » transition  in  t his  theory  1 ■ jeme  : . it  h *•  he  lc;::;  ct 

•-tet  ility  c:  lattice  rclat  iv--  to  - r.«-  lew-  ire  juency  optical  mode  of 
normal  oscillatory  mode  3 n crystal. 


Fane  g ). 


V.  'okrrn  shows)  that  t N-  . n u . - f r f juency  of  th is  ircd- 

ile  )>e  n Is  on  the  difference  -tv...  •,  ♦ -»  r ere**.  !:  ivin  t and  returning  of 
reactions.  With  t-h  ■ : ilarcinj  o;  c . u*ic;.  . t if  fr o (uency  becomes 

- " * 1 » 1 ’ in  crystal  i - 1 : . • 1 l . 1 1 in  • • 1 : , state  >r  Lattice,  which 

Iealc  *0  ferroelectric  transition. 


9 


? ' * = 7 70  UObUf.  P A <4 fc  Jr**' 

/}* 


By  I-  ?.  Porsu  k.->r  [a],  a rei  then  by  it  a art  \ y D.  0.  Ve  kilter  [6] 
is  levclop^f!  t.l  « " intor-zone"  tl  -ory  of  £ er roelect r icit y , according 
*o  wh  ir:i  under  som  o conditi  >nc  Ltmctuial  com municat  ion/co  nnec  t ions 
in  ct  vs*  il  can  turn  out  to  bo  ur  jt.i;.  le  *i  t i.  respect  to  tne  uipcle 
nuclear  displacement,  which  1<  ao  to  the  formation  or  diuole  joa«tt 
and  t>-  .•  emergence  of  spontaneous  polarization. 

TL-j  a vail  a Me  at  prison*  t hooret  i cal  works  on  pyroelectricity 
ir»  applied  mainly  to  linear  ; pro--  lectr  ics. 

As  t h»:  basis  or  the  then  y or  S.  A.  Boguslawoki’  3 
; yro.«l.;crricit  y [ 9 ] is  place  i t he  ••instci  u node  1 of  crystal  »o 
totalities  of  linear  anhattcrio  oscillators.  Author 

>\s  t a b 1 is  ii/in  st  a 1 le  d t he  iep'-n-leaco  of  the  appearing  iipole  moment  on 
te.'ipe  r. itut  e.  in  h i g h - 1 e m p c-  r a+  urc  rar/jt  the  theory  will  iprce 
sufficiently  well  with  experiment ; however , in  low- 1 em pera t u re  range 
strongly  from  it  it  a.  i verges.  The  i:  ap  ci  the  value  of  pyroelectric 
coefficient  record  in. t tc  the  Jaw  ? it  low  temperatures  gave  Born's 
quantum  mechanical  -heory  f 10,  11],  whicn  is  based  cn  the  created  by 

it  dynamic  theory  or  crystal  lattice. 

Th  • spontaneous  polarization,  which  appears  in  ferroelectric  in 
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r concerning  Jam  line  in 

ferroel-  citric  crystals. 

In  the  ideal  case  the  f.-'ri  oeloetric  must  t e iividei  i n*  i dona i to 
in  connection  with  *hj  : .ict  that  jcly-dcaaii.  state  energe*  ica  1 ly  »or- 
suit.ihl  . Free  enerjy  of  polv-dotrair  crystal  If  s.s  the  raonodoma in, 
since  with  separat  ioi  into  t e ion  ins,  which  have  the  uiti  parallel 
orientation  of  spontaneous  j ola  i ira  tier  , i<-creas->s  oneciy  of  the- 
ienolari  zir  j field,  iiowr-ver,  ir  M>  process  > t tuij  separation  f rt  c- 
en*;r  jy  jro  w/rises  because  or  the  fci  nation  cf  domain  walls,  (is  a 
result,  appears  the  d*>t  •armir  od  e ; a i 1 i Lr  i urn  domain  structure  a*-  the 
•assigned  temperature. 
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Du 

- ) *h<  pr 

eocnco  c i lo 

1 Ct 

s 

i n 

real  crystal  the  po  lar i za - ion 

is  not 

mi  for m . In 

th<  j roc 

Of 

c r 

vs 

til  growth  in  it  they  i r ^ 

t o : !!••  i 

r ci.a  nical 

strains,  ind 

: in 

.2  1 

c 

crluctivity  any  f ~»r  i oe  lect  r ic 

y t r t i a 1 

1 y comp. t sa 

t.  es  f c i t ; ' 

c ..  t I 

JC 

» 

w:iic..  create  the  lepolaixzinq 

t i -- 1 :. 

The  r*  tot-  - 

actual  :< 

tan 

r l 

i;ctuti  cf  ferroelectric  is  th- 

result 

of  * a er?r 

; y eyuilibri 

n tt1 , 

wh 

ic 

: conliticns  the  domain 

corf i : ' ; 

ta* i m of  t 

t.  i ic.il  r.  y 

* ll 

d 

r j 

per  t ur  t at  icn  of  fact  or  the 

VollM e 

a r face 

cot.  ! uc * i v it ; 

, ' 

O ! 

i r. 

ica  1 strains  ind  lef ects . It  i 

r.e  r - 3 S i 

i ■ - > no  * 

- " j t -hey  1 1 

f -n 

CO 

ii  r 

ttred  and  aonodomair.  of 

rryo.il.  Alt  . ou  ■ • h rj‘tic;]ly  th-ir  . * u e is  metast  abl  e,  they  cat; 

• x • * v.  i vo!  y 1 • : t i . I-  •.  . roTPltt'  ly  civ ions,  -hat  •■•xtorr.al 

r 1 ■ . * i i ■ i i i i . i r.  ! i ‘C 1 ; r i ■ t I : : ■ i t : alsc  can  influence  the  dona  it. 

. t : ur-  ur-  u cr  yst.  4 L. 

Pi  or  ii'.s’  vor.  i : • - * ^ tt  t jocyna  :r  i .?  -heory  werc  obtained 

♦ h •-  x t i • * 'n . f a i yt  i i c cc-.f  f icier,  t of  ter  roe  1 - c*  r ic 

v>  i - h - -,e  ♦ ra  nsit  icrts  cr  ♦ : ; i:  at  ( 2.  In)  ^ 1 reconi  (2.2  1) 

r,  It  t w.ich  :*  folic*.  * r.  a-  ir  j ~1  i t ;>kuf*'  t he  pyroelectric 
cot  t f ici^nt  Is  monotcn  ic  turn:-.  ion  «i  th  maximum  .it  Curio  point,  whet-' 
ir  observe  j »lso  t ne  maxi  mu:  of  li-  i-ect  lie  constant.  The  e xper  i aorta , 
daft!,  o;)*-a  ined  rec  >nt]y  rJ,  1 r> , j.,  they  showed  that  the 

iravimu"..  y and  g i.ni  r.ot  c o i : i«l  , also,  besides  the  basic  maxituur 
y,  nt  at  Cutio  join-  they  cut  appear  su  j fl  e ;rt  a t a t y peaks  [VS],  Yi 
For  cible  explanation  of  -hi.; 


f he-noturion  is  qi  ven  by  V.  Kh.  Kozlovsxiy 


Dor 
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T 2°  7.  7' he  ju'hor  examined  itn  >n 
f ‘t  roe  lent  ric  crystal,  c is  tiny 
domain::  tn<]  interaction  < rer>;y  c: 
external  r aces.  The  in vesti jat i • 
ir‘-e  on^rgy  ot  this  ferroelectric 


i‘jy  cl  the  broken  into  dcirair.:- 
oi  energy  jf  two  sublattices  o 
-r.<-’ii  through  interfaces  ind 
oi  * i. • t •-  true i at  ur  < u open  dene* 
indicated  the  possibility  ot  t 


of 

he 


tran  sf or nations,  bon  de<  with  transition  l l y ©nerget ica 1 iy 
unstat  le  r on  odoma  in  t o 5nergeticall y stab  If  poly-domain  state. 
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emperature  T > T„  the  crystal  tranrf er/con verts  f r os  poly-  to 
it  e,  nonpolar,  st.it*;.  Th  i is  *xh  ibit*  d also  in  * he  anomalous 
se  ot  pyroelectric  coefficient. 


*"  tor  ma  Lly  *■  ot  a 1 polar  i/ot  ion  ol  ferroelectric  can  be 
frt*-J  1.;  follows  f If]: 

Ph3m—&\Pc  (2  22) 
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*p» 

()T 


- = Bv  -ir- 


()Hy 

<>T 


(2  23) 


' ’-’rj  (e.24)  character!::.-; 

rmit.od  h v temperature  course 
'ma ; structure,  it  - cc 

‘hat  pyroelectric  coeff  icier 
maxim  urn  £ » it l I 2 . 

ia*e.  r./sample  male  o £ more. ion. » 


part  of  th*  pyroelectric  coeif  icier*, 

PC(T),  the  s-?coi.  1 - the  rearrangement 

^ < 7’k, 

;.b*-  in  an  entire  temperature  range  ^ 
ha  • ne  raaxii  um , which  coincides 
a*  certain  temperature  /w  Ik 
is  state  changer  in  poly-domain  {Hy  (7'„) 
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/>h 


0)  , *hon  it  point  / H : yrcol< 


(■'ric  coefficient  will  achi^v* 


HdUMIt, 


Ferroelectric  crystals  tor  thermal  radiaticn  detectors. 


basic  roiu  ireaor.ts,  } r^r-.  nte  3 to  the  icrtoelectric  mat.-ii 
of  r.-n.  i!'.)  elements  of  thermal  uccivas,  ir?  determine  1: 


i)  : y ue  r ig  h v a 1 ue  of  t i.«  n easoire.l  : ar  a meter  - pyroelectric 
1 efficient,  o f the  ten j ?ratur < c<  efficient  of  permit t ivit y n 
resist  met- ; 


°)  oy  te  low  level  of  :,u  f t le  :w- nta  ty  nciscs  (noises  of 
rerclaii  zatior,  , rarrhaus.  n ]u.;r.,,  current  noises,  the  vitiations 
scie  ethers)  ; 


c)  :>y  the  possii  ility  of  Oyta  u.in«j  thrr  thin  layers  of 
i-'trs.;*  r‘i:c  vi^li  pr  eet-  r v a - ior  /r°t  en  t icn/ir  ai  ntain  ir.g  in  i t cf 

tbo  trop^rti-'s  cf  massive  irate  rial; 


o)  >y  f L o invariability  of  characttrrstics  under  climatic, 
••  -ni  ' 1 1 i n d i ad i at  ior.  exposure  ; 


IrC  = 7 7 GLO-thf 


o)  1 y Mi**  ;;T  .i . rlity  or  cr  amet  ers  in  t ho  course  cf  time; 


f)  y *be  technologically  . ini;  ic  ir.j  oneap  ant  hod  of  obtaining 


■a  ter  ini . 


: ir.k novr  at  [>res  nt  t • 1 1 1 ect  r ic  materials,  v hich 

Fata  f y • he  a •?  ; u i r pj  oii  *■ . ■ r.  i . : ■ * • : a b c v<*  . 


Fa  ;e  Sh. 


- . , i ",  >pen  ec  i 1 ct  1 i<  r < ' 1 uhos*  number  exceed  150,  too. 

riev  *lo:  inq  rccr  i vei . a r<  util  ii<  1 th-»  a any  le  crystaLs  of  the  yroup  of 
triol  ycir.o  sulfate,  *■  i t an  at.  < cf  bariuir  and  its  deriva  fives  , ceiataics 
of  titanate  of  i:  ir  cot. ate  of  If  ad,  t h single  crystals  or  niobato  cr 

lit  hium  an  i .S3K  (Sn_,BaxNbjO,).  Lot  us  examine  the  [ roper  ties  of  basic  oj. 

«■  h o m . 

(NH2CHjCOOH)s  HjSO 

Group  of  trijlyci.ue  sulfate  (TGG) . Triolycine  sulfate  ^ 
is  a comparatively  ycuny  r < r t s«  r.  t a ti  v<-'  of  ferroelectric,  open  1 y 
’laMiias,  tiller  and  I'emoykd  r^h]  ir.to  luhb.  Because  of  its  qoori 
li  ->1  oct  r ic  properties  arid  cor  vr-rii  i.t  technoloqy  this  crystal  t eqan  to 
be  utilised  as  memory  element  i r.  computers  [*>2'.,  in  instruments  tor 
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^ 11  U1 ' -’t'-.-st  i;  llu.i-in  r 2 1 » in  dielectric  amplifiers  and  as 

ien-;>-  -lumen*  in  thermal  iaui.it  . >r.  'rt^c^ers  [3  3,  im. 

71  crystals  TGS  grew  f rorr  : ♦ s aqueous  solutions  r 17]  iy  gradual 
cocl  i n • 'sn  Sr>  to  2 )°c  v*  it  .i  r cyr-rsivo  mixing.  Fasis  for  the 
pi>iara*ion  >[  solution  is  glycine  and  sulfuric  acid.  For  obtaining 
tn.rlycir.^  fluoroberyllatv  (NH2CH2COOH)3H2BeF4  instead  of  sulfuric  acid 

fluorobery Ilium,  while-  for  t r i q ly  cin  s<  1 an  at  - (NH,CHtCOOH)  H,SeO, 
is  sel era t e. 

l:.t  - crystal  1 ic-*r  wit:  -h<  solu-icr.  cr  ZGS  oi  it  isomorpheus  is 
tiac-i  the  seeding,  cut  c.  u * a let.'  Z-nxic,  md  during  the 

au  * oi"a  t id  1 1 y adjust  ihle  slow  <:«  U:rg  ter  2-3  weeks  it  is  possil  le  to 
drew  crystals  U00-30-)  j in  weiql.t. 


:,::'cr  than  tho  t •=*  r:  re  i <i»  u i • of  '’has-.*  Tinsition  the  crystals  of 
♦hr  .iroup  oi  Tor:  at-  relate  i t<  centrally  synunr  trical  class  2/ m 
ror.oclinic  system  (rig-  2.P).  lower  thar  the  temperature  of  phase 
transition  the  mirror  plane  in  disappears,  and  crystal 
transfer /converts  tc  the  feiic* l-ctr ic  iha.e,  which  relates  to  point 
jicu:  2 of  monoclinic  sistt ray  [41].  Crystals  possess  the  axis  cf  the 
::y  nur  et  j y or  the  2nd  ordei  - by  the  moncclir.ic  axis  b,  which  is 
•■I'f  till  j o ] i r axis.  f.  1 cn  g it  arc  exhibited  the  f c r r o<9  le-c  t r ic 
prn[or*ies  or  the  crystals  cf  tb«  uoup  of  1GS.  The.  adopted 
cryt  taloph  ysic  system  of  coordinates  fer  TGS  is  represented  in  Fig. 

2 . 9 f 36  1. 
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' dedicated  ti  t he  investigation  of 

k U-i-rotUc-xicity  in  the  crystals  cf  the  group  of  TGS 

' ' J4'  2f>'  J1'  ur>'  7^-  87].  DKraii^  x-ray 

'infraction  examination  or  iiS  , carried  out  Hoshino,  ojeaya  and 

rW,inSkiy  :7?]-  FigUr°  “K  ?«t  cf  the  unit  cen  of  TGS  fro, 

us  Structural  v.;.  is.  cerding  tc  findings,  molecule 

7;:J  C°r;SiSt"  °£  thr^  ^'lycin-  iIou^  and  one  sulfate  group.  Giucinu. 

I 1!  1 IT!  ire  I-acof.Vwrin,  . lr  „ NH,+CH.CCX) 

i t r. . f o:  m NM.  CH.COOH.  a glycine  1 1 A 

Th*  U*t'‘t  12  dipol'5r  ior  i -ion")  ..  Glucinum  I and  ill 

[l.ne,.  and  Uycinc  II  i partially  ol.,,.  .ince  in  it  the  atom  of 
ni  1 1 oij.  i:  somewhat  emerges  th  - lUn-  cf  two  .terns  of  carbon  and  two 

°f  °Xy  -,n-  IO"  iroui,  glucrru,  I ind  Iir  thrcuyh 

f-c  system  of  hydrogen  tends  and  r.  the  slightly  distorted 

to  * r ah  i .iron,  w f e r a u : o r - | . . . . . . 

' ‘ -f-s  oistortior  rs  different  in 

t srroe  loot  r ic  ard  paraelectric  j.ha.es. 


f) . 


investigations  or  the  infrared  spectr, 
in  (rlariz-d  light,  carried  on< 


■ a o.  the  iroijj'  of  TGS 

'* 0L  K;-'  I ■'  24],  tney  showed  that 
fnt  initiating  cel  l/eleir->nt  ii  the  e. 


t;t  r,ipnco  of  ferroelectric 


•icuvr-v  are  the 


e gu  asi-t  ttrain  iral  onions  (cf  1 ypeXV?-),  which  acquire 
their  own  I i pole  iioirnt 


as  i result  ot  Jan- fell 


er’s  pseudo ef feet . 
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I:  uerhaoicdl  relatiorshi ; * !..-  ferrocrystals  ot  the  typo  TGS  ai*. 
IrirM.-.  "Vis  ore  or  the  ctasorii  , or.  which  sensin':  :,lom~nt.  s of 
triijlvrinosulfata  t :coiv-'  rs  ;o  i at  mKp  thinner.  Gu 
possess  noticeable  cleavage  ir.  plane  (CIO). 


p.  Cr y st  al  s 


r.  » capacity  of  crystals  Tgs  aril  it  it.omot  (.nous  «as  fudu  ; 

in  works  [ U6-49,  7 1,  74]  ii.  1 1.  . ra  :.g.:  (.1  t • : a.;--e  r at  ur  os  0-b5°<_. 


’roil,  - f nation  (2.  B)  for 


r-  value  c.L  free  energy  or  crystal,  it 


is  posri ble  to  obtain  expres:  ion  fot  en  tropi 
entropy  during  the  phase  transition 


/ <).A 

- I and  the  jurp  or 


(2.24) 


wher  - ;:0  is  en*  ropy  in  ncripclai  ixe.i  state,  rut  .<-•  - m that  which  was 
[ ola  rir-J  !. 


T l g.  2.10.  Bart  of  t he  unit  cell  of  TGS  [72 


Key:  (1).  Glucinum.  (2).  Glycin*-. 
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r*  is  impossih  lo  to  observe  tl  : .’cna  in  structur*  of  of  r<»S  with 
* 5‘  <i  i : of  t'Olarizinj  .oioroscop  . Th-»rr  for  *•  is  utilized  the  etching 
• vie  i eh  ling  in  the  tact  tnat  *■  vr  ond/leads  of  the  polar 
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Pago  S1-.  T h « superficial  dimen;  ion?  cf  iomains  can  char  jo  ov^r  wide 
1 1 :i  i - s . In  cross  section  the  doi  a i have  cval  form. 

Titamte  ot  barium  (BaTio3)  and  its  derivatives.  Ferroelectric 
*•  i tur.a*e  of  barium  was  opened  h y i. . 'i . Vu  1 and  I.  m.  Gol’dan  i n the 
l!SFP  i'  to  1)45  and  indent  ndetiT  of  + new  by  the  American  ind  Japanese 
scier  fists,  single  crystal.,  talio,,  its  ceramicist  and  derivatives 
most  ir  ie  t a i 1 are  otu  lied  in  detail. 


T.  mpe  rature  of  the  phase  transition  cf  crystals  BaTiO } about 
120°t . higher  than  this  teu.  p-iatun  crystal  belongs  *■  o the  centrally 
symmetrical  class  n in  culic:  sy:.-*- en  r 4 1 1 . Crystal  BaTi03  has 
porovshite  structure  ABO,,  characteristic  for  calcite  CaTi03.  Unit 
roll  hiTio,  is  given  i r.  Fig.  d.lw1.  The  stereographic  projection  of 
th<  »ll/ele*ents  of  syawetry  of  crystal  Bali03  is  shown  it  Fig.  2.13 
r u 1 ].  in-  presence  of  symmetry  center  among  the  cell/elements  cf  the 
of  this  cl  iss  n.ik‘S  tl.ic  phase  nonpolar. 
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Lowr  r than  tht-  Curie  crystal  EaTio,  bc-lonqs  *c  cl  as 

4mB  ^rajonal  system.  The  rotary  ‘ttrac  axis  is  special  polar  ,xir. 
Fence  i*  follows  that  spontaneous  polarization  Pc  can  b • dire  cted 
cr.ly  a 1 or.  j this  axis.  Such  txef  u initial  cubic  lat*  ic:  » t hi-e 
(direction  < 100>)  : therefore  the  v-cror  of  spontaneous  pn  1 ir  iz  a*  ioi. 
car  re  directed  along  or*  ci  -he  rix  <-gui  valon  t directions  < 1ot>.  T:. 
to  t rag  or,  a j.  uni*-  cell  J a T 1 0 3 appears  as  a result  >t  list  or  * i^p  by 

1 cubic,  in  which  on«  fin/edge  is  lengthened  and  becc  e 
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Fig..  2.1 ...  r it-  uni*  cell  of  t,.e  cu  i ic  perovsicite  structure  BaTi03. 
Fi<j.  J.  id.  Tae  ster ooqr aphic  projection  of  tne  elements  of  the 
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'i  : . 2..  1 4.,  T ie  unit  cells  of  .oui 
(alove  1 20 °C) ; t)  tetragonal  (rrc« 


mi.-  of  crystal  BaTi03  : a)  cubic 
120  to  + r>°C);  c)  orthorhombic 


( 1 r o f ♦ 0 to  - 9 0 0 C ; 


i ) trigonal  (rh  or.  bohrd  l ai)  , stable  are  below 
i|m  the  ini-iil  cubic  cell. 
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For  a r.ir.  j L ^ crystal  grow  a n • j iO-IC  t ni  ckmss  the  most 
suitabi-  , according  to  lata  or  > .."J  (;>o:  *ov),  ire  the  ro  1 lowing 
conr.it -ons:  BaTi03  : KF  = 1 : 5 ; raxirir  * m pc ra ture  1 140°C;  tie  lay  at 
this  t . m re  rature  2.B  h;  rcol::.  j sown  to  ■)  s>)°C  with  spool  (2'h-?r) 
lie  g/h  the  gutter  or  rusior/m  1*  a*  T - IB  0 °C- 

Crystals  grow  in  the  form  or  r h-  t win/countorparts  and  have  a 
form  >1  wings  of  butterfly.  Grown  ci  yst  ils  SaliCj  have  Bore  co v pie x 
domain  rtr  actur^,  t '.an  the  si  j 1«-  crystals  c t !(>.>.  This  is  connect--?. i 
vj*h  t fact  t hat  or.  the  rtrergth  o£  * he  cubit  symmetry  of  crystal 
in  s.nnj.ular  phase  it  is  t system  or  several  equivalent  axes,  using 
whir!  call  be  directed  th-  v-'ctcr  of  the  spontaneous  polarization  of 
crys*-il  in  ferroelectric  (polar)  phase. 

Figure  r. IS  gives  the  schematic  ot  th’  possible  orientations  or 
•■hf.  vjctor  of  spnn-  meoup  nolar  izat  ion  Pc  [26  ]»  During  transition 
from  the  t *>t  ragona  1 phase  in*o  rhombic  cf  crystal  B 1 ir  )e  probability 
cl  charging  into  s *■  at  e C,  t hail  in  i , since  in  tins  case  is  reg  wired 
the  rotation  of  vector  Pc  only  through  uh0,  Lut  not  through  90°.  For 
crystal  C transi*  ional  probability  according  t c the  considerations 
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1 dl'°v'  onc  an  1 r "c  ;Jain,:>  (rotation  through  45°)  . rn 
1 ‘ *■  ’ * p i . ae»  e is  one  direct  icn  p 


r . ; 'Ire 


grvos  + ho  temper a turn 


wpf-nJenc?  ot  spontaneous: 


A 1 1 1 C ' l"°l  1 io  3 „ The  relationship  of  th«  die-loctric 


cor;:;  ♦ i r *-  s 

Fi'i..  2.17.. 


”'nd  *«  moasur<:d  in  w M 3 * electric  rields,  is  giver,  i: 
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i ..  J-  1 s*  '(-hoiiMtic  of  the  possib  1»  orient  jticrs  of  t L ? vector  of 
spontaneous  polarization  i>c  ir  sinjle  crystal  Ea?io3  f ;>6  ]. 


Key:  (1).  Cubic.  (2).  Tetri  jonal.  (3).  Shouibic.  (4).  Shombchedral, 
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Tn  t’tra  :or  tl  phase  ta  - 4 100,  ec  = 2C0  at  rcro  temperature  [83]. 
"■f*.  valu-  '*  dielectric  constant  in  tremolo  phase  is  lower  than  in 

'"he  cent  i .nid  t ion  of  hrancr 
ten  ea  is  the  continuation  of 
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[ h en  c.  m • Pn  transition  is  close  to  the  second  jeider.  3y  this  also  is 
exrl  line  ! insufficiently  si.it;.  (tot  first-crier  transition)  jump  of 
polarisation,  and  also  h -a*  capacity  a”  Curia  pcint.  The  dependence 
of  h-  at  capacity  on  temperature  io  liver  in  Firj.  2.18  [ -38], 


Hrlike  TGS  the  domain  structure  of  crystals  RaTi03  can  be 
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V.  ! with,  Tho  ail  of  polarizing  microscope.  If  the  polarized 
1?  -irectecl  along  polar  (optical)  axis  in  crystalline? 
r plat^  to  all  posit  ions  will  remain  cacr.  But  i£  anyle  is 

lorld/ligtt  is  per  pend  ion  1 a r polar  axis),  then  luring  the 
on  of  plat-  .ill  f.  observed  light  picture  with  the  exception 
> Positions,  ir.  which  the  polar  axis  or  plate  is  parallel  to  the 
-f  the  polarization  or  the  Nice!  prises  of  microscope. 


rC  t:  " observation  of  domain  structure  can  le  used  also  ether 
c:  research  or  th°  etch  figures  cr  figures,  which  appear  during 

'■iOR  °R  th“  crv:,t<il  boundary  of  chargee  particles  [26],  the 
i7.;*  ion  of  domain  structure  with  the  aid  cf  local  pyroelectric 


>a  ii ns  with 
are  called 


the  polar 


axis,  • -rpcndicular  to  the  pia ro 


c-tiOBiair:  <i  with  parallel  - t.  y a-doaiains  (Eia. 
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ri<].  2.1ft.  The  temperature  uentr.  .ience  o 
single  crystal  BaTiO,  [an.. 


spontaneous  polar  izaticn  for 


i'oy:  (1).  Mk/cm?. 


2-*'-  Temperature  dppendenct 
crystal  naTic3  [83  1. 


dielectric  constant  £ for 


Ti  j-  2. 18.  dependence  of  the  hea* 
oirperciture  [2b], 


on 


Capacity  polycrystalline  BuTiO 


T ■ 'C 


773r-ds4r. 
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The  re.i  1 i o,n  lir  co  n f ig ura  t.  i on  or  single  crystals  Ba?io3  is 
considerably  nor»  complex:  in  just  one  crystal  can  be  interwoven  c- 
ar Mo  i-iiiairs  with  bf  - at  .1  1H0-  degree  dorna  in  walls  and  the 

direction  of  polirizatior  "head  - ♦ail",  "held  + o head"  rind  "tail  to 
tail ". 


Accor  ling  to  existing  i • nr . ;<-  nt  at  ions  £2ri],  during  transition 
fi cn  nonpolar  to  polar  phase  at  transition  point  are  formed  the 
rue  lei  or  domains.  Their  appear  ancc  hears  accidental  character,  and 
d+  1 1 <>  first  torgu e/momen t ar<  i isiiMt  th?  configuration  of  domain 
r t r net  urt- , T,  ot  corresponding  to  tht  iri  r itnu  ir  of  free  energy.  Th  is 
rretast  a ble  changes  gradually  tc  more  stable.  The  instability  of 
domain  configuration  is  one  of  the  reasons  ror  the  rare  utilization 
cl  singl<  crystals  liaTif  3 for  the  creat  ion  of  thermal  radiation 


Conducted  investigations  [28,  7 1 1 paue  it 
th*-  struct  ur  ',  necessary  for  * t.c  understanding 
f e rroc l r icit y in  crystals  bario3.  The  loose 


possible  to  determine 
cf  the  mechanism  of 
packing  oi  atoms  in 


ore 
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unit  cell  (see  Fig.  2.1-0,  that  it,  cm>  of  the  rfd-soaa  for  »ho 
tm^rgtr.C"  of  spontaneous  po  lar  iz  it  ion , cm  be  understood  from  the 


f o]  1 ov  i r 


-tj  reasonings.  A com  [ ar  at  i v •:  1 y large  ionic  ra  iius  [ j - + (1.U1 


A)  leads  to  the  fact  that 


i r.  oxyjon  octahedron  the  ion  jiu  wh  icii 
c 


d -'mall  ionic  radius  (O.oU  A),  in  f er  roelcctr  ic  nfase  is 
displaced  to  one  or  oxyceni  t iulu 


ok  noted  that  another 


rej  rf  sentative  of  rrovskit?  Calio 


3 is  not  ferroelectric,  sine*  ion 


ic 


radius  r.a”  (1.0  A)  is  less  than  oflb 


, and  the  anharmonicity  cf  the 


fluctuations  of  ion  Ti,+  ir  lattice  Cali',  i.,  exnresseri  weakly. 


Polvcrystallino  ceramic  s p-  ci  ::/ta;n  p l->s  taTiC3  an  1 its 
lerivatives  find  at  present  a laigc  practical  use.  Therefore  tc 
investigation  ceramicist  OaTiOj  is  devoted  the  considerable  number  or 
works.  The  possibility  m principle  of  the  unlimited  variation  of 
1 1 r uc  * ur.il  /,;  'sign  forms  open/di.  closes  the  great  possibilities  cf  the 
echniial  u * i 1 i a t ion  of  ceramics  •'or  developing  receivers  with 
various  forms  of  sensing  tlemt-nt. 


!,  <->  c<  ramie  s p ecimer/sa  mples  PaTiOj  are  the  totality  of  the 
e p a r a t 1 crystallites,  ctnnecft  .1  by  glassy  phase. 


• dielectric  constant  cf  nonpolarized  ceramics  is  the  result 
rr  avrasing  t-c  ar.  1 fb  scpiratt  crystallites  in  the  assigned 
direction.  Experiment  a 1 1 v obtained  values  C comno.se  1000-1500  for 
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c»-lo»tiics  HaTiOj.  The  analyses  of  the  domain  structure  of  ceramics 
PaTiOj  showed,  that  are  observe’  thin  plates  yU-  and  lyo-degreo 
domains  0.,  2 p*>wide. 


Piu»  2.19.  The  domain  structure  or  single  CL'/stal  BaTi03  in 
tetraqor.il  phase  ( arr  ow/pci  nt  ers  indicate  * he  direction  of 
polarization  in  crystal):  a)  -.wo  c-dor.ainnes  and  a-domains  he*  ween 
their;  h)  a-1  imains  divided  by  £)0— degree  walls  (arrangement  "decree 

tail ")  - 

Page  f>u. 

The  value  of  spontaneous  polarization  for  ceramic  3aTio3  is  5-10 
p k /c  r ? , i . o.  , into  two  and  a half  times  less  than  oL  s i n q 1 ° crystal. 
This  is  explained  themes  which  in  the  process  ct  pol tr izat ion  is 
completely  oriented  part  of  the  Icirains,  and  fields,  even  close  to 
lisruptive,  not  ir.  state  *o  oLicr;t  all  domains  along  the  direction  of 
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Ceramics  BaTio,  is  obtain e d by  sintering  the  mixture  ct  the 
pTiO,  and  barium  carbonate? 

dioxide  of  titanate^DaC03  at  temperature  c£  14CC°C.  In  the  process  of 
sintering  the  carbon  dioxide  is  volatilized,  and  is  formed  ceramics 
PaTiOj.  This  material  possesses  considerable  mechanical  strength, 
moisture  resistance  and  oar  be  processed  hy  k n c v n technological 
methods.  The  elect rophys  ica 1 characteristics  oi  ceramics  BaTio3 
depend  on  the  technological  mode/condi t ions  or  sintering  and  presence 
of  impur it y/admix t u res.  Witl  a change  in  the  temperature  of  annealing 
from  1180  to  1400°C  lielecttic:  constant  of  ceramics  at  room 
temperature  it  differs  three  times  [1].  Furthermore,  depending  or  the 
conditions  of  production  in  ceramic  spccimen/samplo  can  be  located 
the  crystallites  of  tetragonal  and  hexagonal  reedif ications.  Since  at 
room  temperature  the  tetragonal  modification  possesses  ferroelectric 
proport ios,  the  necessary  measure  for  its  obtaining  and  st  abil ization 
is  the  introduction  of  additions  ( la,  Sr,  etc.). 

The  electrical  resistance  of  ceramics  E a T i 0,  depen  is 
substantially  both  on  th*  impurity /a  Imixturcs  in  the  initial  material 
and  t he  conditions  of  production  and  on  electric  field  and  the 
temperature,  by  which  conducts  tit.  measurement,  in  weak  fields  at 
room  temperature  the  volume  resistivity  of  ceramics  BaTiOj  is 
10>?~1f,'i  1 ohm  » cm.  *he  additions  of  oxides  of  metals  and  especially 


ret:  = 770r>:M4.. 
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;x  i 1 s o’  ra  re-  e ir  t h clement.'  (conum  - Cr,2cJ,  samarium  - 
I a rt  h ,i  r.  i;  .u  - La?('3/  pt-od  y:n  iu  in  - M xgC})  lower  resistance  of  ceramics. 


t,  i r h r ! e alloy  in  | or  ceramics  wi  ox  iocs  or 


La  it— earth  elements  near 


airif  point  occurs  an  alrupt  ch.-wye  in  resistance;  in  temperature 
interval  of  20-  30°C  resistance  -hanyes  on  several  orders.  Anomalous 
rosi  t i Ve  s ■ • ■ c i f ic  r er.  1st  a nee  j i + ii  is  r c y i c r.  can  r e ach  f> 0- 6 Co/o. 


Th<  i nt rod  uct ion  >:  iddit  ions  . a,  Cc , zr,  br  , Sr  and  some  other. 


r?(  1 lr 


•h>'  Cu  r ie  temperature'  ( pio  . 2..  >.  (')  , Hit  of  the 


coct  >si*  ion.;,  which  contain,  e x c»*  j t hal  i .’)  j , tit  an  at*-  or  zirconate  ot 


load  (r':"io1  aiul  PfcZrOj)  Cur  n joint  it  is  raised. 


c V 
v '■  J 

“ On  ini' 


‘fiaT.B,  & to  60  er  HO,, use} 


Fi<t  .3...  20.  ?tie  temperature  dependence  or  Curie  point  for  the  assorted 
composition  cf  solid  sclutici  Da  Tic  3 


*e  v : ( 1 ) .,  is  small. 
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Different  additions  car;  b<  used  rcr  a control  or  t ho  value  cf 
tho  ditloctric  constant  ot  col  air.  res  ft,  21].  So,  ferroelectric 
ceramics  S P- 1 on  tho  basis  of  tit, mate  cf  curium  with  the  additior  o 
cxi-les  Zx  and  IS!  is  charact  a i.;di  by  tho  smoothed  t cinp>ora  t ure 
dependence  £ in  the  range  of  roca’  temperatures.  Largo  dielectric 
constant  with  maximum  in  the  range  cf  icon  temperatures  has  ceramics 
1-7'iOO,  which  contains  titanates  oi  barium,  calcium  and  strontium, 
with  audition  to  titanate  of  barium  of  small  quantities  of  oxides  cf 
tin  and  zirconium,  and  also  stannates  oni  nrccnate  of  barium  and 
ether  connections  [ d ] is  cbtair.-.d  ceramics  with  the  strongly 
depending  or.  field  .iiolectiic  constant.  On  its  basis  are 
develop/pirocessed  varicaps  [It  ]. 


Ceram ics 

dati 0 , 

and  i*-s  dei  ivat 

iv r 3 all 

the  same  possesses  lews 

f e l r 1 ec  * i i c 

charact 

eristics,  than 

morocr y st 

ale  ^aTio,,  although  as 

previously  it 

was  i n ; 

icuted,  i*  has 

a s f l'  if  c 

ot  technological 

advantages.  Therefore  were  carried  out  studies  cn  the  investigation 
cf  the  single  crystals  or  solid  solutions  Latin.,  with  *he  variable 
Curie  p oint  and  the  con^rolleu  proper t ies. 

Solti  solution*.  BuTiC-,  an)  SrTi03  rorm  continuous  series  f 26  ] 
and  comp  ir at  iv^ly  easily  arc  crystallised.  This  offers  the 
possibility  of  obtaining  .>  ingle  crystal,  with  assigned  values  cf 


C U I 


omperatut'es  in  wiie  *<  irp,iraturo  rang-,  (see  Fi  ] 
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is  ♦ he  ictivi?  i-ossict  dtTif:3  growth  of  ♦ne  lamellar 
t vin/c cunt  c-r parts  oven  with  t h > rt  1 1 additions  F»'eo,  , which 
.a  oil if a • e thoi  t f or  sia*  ion.  T!  . Jl  - lined  single  ctystals  with  c- 
ilo:din  jtr  uct  ur*-  h.t  v*-*  s ize/d  i piensi  cn  s c £ nci->  several  sguare 
.nilim  ter.:.  Analogous  phenoirei  i ir  ■ eh  served  ior  single  crystals  or 
soli!  solution.,  ba  (TiSn)  r 3 , a:.:  ilso  ct  t.ie  single  crystals  cf 
soli  i - - j 1 u r i >n  s biTi)j  wit!!  id  d i r i on s h?i)J(  CcCcj,  ;tc. 


f • prolongs!  in  ves  t iga*  ior  - c:  the  ferroelectric 
pecinen/i  in  piss,  especially  pol  ar  i;  : , they  shewed  that  occurs  in 
"hr  course  of  f ine  a slew  chare  ■ in  thcir  characteristics  r 40  ].  This 
effect,  known  by  t • name  or  a jirg,  a iny  •mthots  ire  explained  by  the 
reorientation  >f  the  lonaii  st.  r uct  ure  of  speci nen/sanple,  bonded  with 
ci  f rerent  factors,  for  < xasj  i.-,  is  cc:  . ;u-  nee  c:  the  release  cf 


i ntornal 

hi  t'chan  ica  1 

s t r e s s e i ii 

core  sics,  ry  utilizing 

the  forced 

to  * ho  1 r 

of  * he  agin  1 

of  ct-rapir. 

i ii  n ■ ■ 3 i i o 1 y alter  its 

product,  icr. 
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^ y v - 1 - 1 - ■ t*x  Idini'  1 1 f«-  .•  t a .« t i i.  ohtdir  in.j  * nc-  ♦ h i r.  Id  yc  r s , 

'P!  iv'  : on  '.up]  ort/l  isc,  t h*  .'tt'jcturo  cl  t ti  c termed  f i ] j to  a 
co  ii  ; i 0 ■ i iM"  legze*  ls  det<  i mu.- 1 L v the  relief  of  support /base  a n-1 

iist  url-anc«ybroafcdcwns  of  1 1.  - • !•-  julari  ty  of  lattice  in  thin  Layers 
cor.  i i T.My  mor-  - tan  ot  •. „:at.  rial. 

r a ) ■'  6b. 


1 1»*  varr'ac-  layer  of 

mat  » r 

i a 1 , appear  i: 

■ J to  a result  of 

the  break  ot 

tic  period  icity  of  c 

r v s t a 1 

ia t t ice  an  1 

deposit icn  of  el- 

ctrodes,  also 

: its  pro{ 

rtica 

: r ■>!!,  massive 

specia  •-  n/s  ample* 

■•'her  the 

: ■ '•  specimen/sanpl  . • rrea ses , surface  layer  !■  • 1 j i n . ; t o 

jft-i-*  its  proper t ios. 

T t Lesliold  y.  r*  ;for. of  ill  Miortral  radiation  detectors  i. 
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favorable  fact,  however. 
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ct  the  receiver,  which 
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or.  t empera  t ore. 

:i  pq  i ; 

i n l 

nq  v i t h 

S .IFIO 

t hickiu  ssos  of  sons  in  y 

e 1 e me  n*. 

t.i'refore  one  of  the  basic  lusticns  iuriry  the  ievelopmont  of 
th«r  Tal  radiation  <1  »tect  oi is  t ho  ^termination  of  the  optimum 


'C  = 1 


thickn  rj:;  of  sonsin.j  element.  A.,  criterion  can  te  selected  t ho  vain 
<~r  * - it*  r<  tio  or  Impendent  bross  * nc  * emper at ure  c£  the  parameter  to 


ho  u capacity  (thickness)  nsing  element.  A decrease  in  the 

A-  i :'Kn  s.,  o:  serai  t.  i pit  nrnt  leads  r c or.  increase  in  tho  receiver 


sensitivity  with  an  increase  in  tr.is  relation..  When  relation  reach-*, 
i ccnstti:,*  value  or  it  begins  to  fall,  a further  decrease  in  the 
*■  '■  ‘ ' :i  ■ ‘ tv  1 1/- ] ._  :f><  .. r ' econes  already  unsuitable,  since  in  this 
car*-  ib  ‘iriorates  the  threshold  of  r "ii[  cn.se  of  receiver. 


. :v  .optimum  ratio  a:  * 1.  v.»iur  of  tae  p a r a no  te  r , which  depend: 
cr.  t e m pec  at  u r e,  to  tho  thickness  of  serein-;  “ lemont  is  located 


' x lc r i ■: .? n r a 1 1 y.  In  rr.is  c ar 


it:  octant  role  play  the  suoplonenta  ry 


noises,  which  appear  in  layer  u:  a result  of  its  thinning,  and 
reduction  the  n ‘chanical  >tr<  ngth  or  sensing  element. 


o-  metallic  boiome’-  ••  rs  with  t hi  nr.  ing  of  sc  ns  in  g element 
deer ''a.  •-">  the  temperature  spec  it  ic  resist  anco  and  coefficient  of 
thermal  conductivity,  i:  increased  specific  resistance  and  ’•hey 
qrow/r  is  o i oises  during  t h*.  par.  a*j  * or  the  exciting  current  through 
t h • . i F xper  intent  ally  t :•  • ol*  lined  v o 1 u e of  + h e op*  i mu  m thick  no  se 

0,  0 5-  0 . S ) i .. 


optimum  thickness  ot  re-  ns  i r:  • i elements  cf  semiconductor 


lolotetei 
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The  values  of  pyroelectric  co*-  f f i c ie  n*  and  dielectric  constar 
in  the  ttin  layers  of  fcrrcc lcctr i<;  ahc  dirfer  xroin  volumetric 
spccim*  n/saa pies.  Surface  layer  wi  * i.  the  f hicn  nesses  of 
specimen/sample  less  than  30-50  already  considerably  influences 
ferroelectric  properties.  The  na*uto  of  *ht  surface  layer  of 
ferroelectric  up  to  now  is  ir.sur  xicient  ly  is  char  and  is  the 
ob joct/sub ject  of  continuous  investigation. 

Tl e greatest  number  or  works  on  tie  study  cf  the  properties  o 
surface  layer  is  relates  to  ‘i^iicitt  ol  barium  f 14,  20,  39,  56,  60 

f ),  75  a. 

iTne'iiarel  y ar«r  growing  c-iu-r -,y  state  of  c-domain  crystal 
PdTio3  i.  unsuitable,  if  it  i r.ot  a£fe<*eJ  r.v  arv  of  the  mechanism 
of  screening. 

rage  67. 

Are  voss’ble  at  least  three  mechanisms  ct  shielding  [27]: 

a)  settling  ions  from  itncnphfi  1 to  crystal  boundary ; 
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l>)  thf  formation  of  i-.jon,iins  cn  crystal  tcur.dary  with  the 
vector  o"  o;>  ontaneou  o polarization,  per  pe  n d icu  1 at  to  tt.o  v^ctoL  of 
spontaneous  polarization  ii  c-aidin  crystal; 

c)  t mleiira.i  ■ ot  charges  f :oj  the  thickness  of  crystal  to 
£'t  if  jc.-  Lecius-  of  its  final  elect  rocor  due  t iv  it  y. 

.■  a ■ ■ :i  >:  th.  .5  3 < ' ch.  i r i.'  :i . 1 «ad::  to  .iecr  case  in  the  energy  of 

system  in  1 » ,.e  tor  n i*  i ot  c L stailc-  (metastatle)  state.  But  in  this 
oa'  1 o:.  cry  .»al  is  i armed  ♦ nc  surface  layer,  which  leads  tc  a change 
in  i*  ' er  roel<- c* r i ' aro;  e r ♦ ies. 

K • ;i  - s ij  a .sum,  . far  t h<  first  t.  Lire  ibeut  tie-  existence  of 
sut:  jc  lav.-.s  • >1 , 7 7].  1 h-  x-ray  and  electron-graphic  examinations 
pii  -i.  i *'•  »♦  '.tv.  !•  ; of  * sir-  or  particles  3aTi  >3  the  phase 

t r •.  ■ i * i "n  i t nJ  • 1 o'  * > i t c r • i s i n j to  temperature  interval.  For 

o 

parted  . 1.  0 A i r iia;i.  *•  r »a;  observed  t he  presence  of  tetragonal 

phis,  w r * h 5.)0°r.  Tv  ex:  la  nation  or  this  fact  was  made  on  the  basis 
rf  * he  ivapumn  tat  ions  ct  - is  ,t*:u  net  cf  surface  field  in  crystal. 
Was  tr  senr-.d  the  mouol  cf  crystal  with  surface  layer  (Fig.  2.21). 


By  jet/assu.mi  n : f h e thickr-ss  ot  Hie  surface  layer  of 
co'  - i- r/mv  in  dale  m 1 ry  varying  the  thickness  of  crystal  d,  it  is 

possible  t r v,-  the  relat  ionship/r  a*  io 

± „ ldl.  + It 

p ^rt 


<2  2*.) 
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tr  : ’ riv’  thicMirso  oi  ;-ur‘  a.  layer  1„  and  its  dielectric 
const  i nt  it  arc  Know,  t values  </„  and  »M.  which  relate  to 

ir.1  — L- la  1 . ?.ne  t hie  kr,~.;s  of  :m  lace  layer  according  to  the  data  cf 
Kcnrsi.:  is  1 0 -«•  cm. 


t"n‘  -'resent  ' hk  w^r<  ..  <.  cu  ir  u 1 a * ’ j ,i.any  experimental  facts, 
ate.-r.,.  ; ro  the  presence  o t cur  face  Layer  cl  ferroelectric  an  1 the 
exptar--  on  the  basis  of  r.»:  r<  s-»nta»icns  of  the  determined  fori  of 


h h » T O,]  1 


oi  iiarfaco  1 ly ei  . 


r ' 7 '■  *2  ! • studying  true  of  i ‘-polar  iz  at  icc  in  single  crystal: 
Ta.i  3,  *.-s  talli  sh/  installed  th*  iepo  tide  nee  cf  this  value  from  the 
thickness  of  crystal. 
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Brzh^zr  r.a  i;i  1 Yaaov.t  5 [ S'?  1 toi  the*  .x  \ 1 an  jt.  icr.  of  *he  experimental 
’ a *■  a urlikr  'pi  t/.  assumed  Mat  at.  surface  tne  layer  poshes  sts  t he 
nonhomogene ous  dielectric  ccn.stant  £ which  constantly  decreases  in 
*h>.  lirectior.  of  surtace.  Glo<jar  irul  Yanovers  [71]  measured  the 
co«  rciv  • fi-ld  of  single  crystal.-,  PaTiCj,  Gradually  bronzed  by 
phcsfhoiic  act!,  an!  they  retail  isroi  that  during  a iecroaso  l ri  the 
thickness  occurs  an  increase  it  t he  coercive  field: 


<>£  K 

dd 


= - 1,5  • 105//cjm2 


ror  lay-  rs  bv  t hick  tv- .as  (1-/)  • 1 • ' ’ cn,  tnc  coercive  Held  increases 

irore  s 1 o w 1 ■ : - 1 • M)  3 V/cir  z . 

hi 

"he  nature  of  surface  1 - a y « £.  a retrain;  to  t ii  - - model,  proposed  by 
Pert/  at.  Fattuzo  [ 7d  ] (fop -roc  e I)  , assumes  existence  on  crystal 

Lour  lary  SaTiO,  the  -electrically  charged  and  mechanical  1 y strained 
layer,  caused  by  i m cover  is  1 n -r t by  f he  ions  of  oxygen  (by  defects 
according  to  Schott  xy).  In  powerful  elec-rical  and  mechanic*  1 fields 
the  liclectric  consent  of  this  layer  (occasionally  referred  to  as 
Ko r trig)  is  small.. 


n ( ■ c 
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Ho-j  v.-:,  the  calculations.,  cjrnefl  on-  by  Dvorak  [67],  thry 
showed  only  at  temperatures  .no:-  than  40CcC  origin  of  surface 

layer  err  explained  ty  the  ii^stnct  of  Schottky  defects,  a t ’■he 
lower  temper  itures  in  thQ  fermation  cf  surface  layer  participate  the 
electron/  and  ‘he  ions  of  i input  it y/admi xt urea,  which  art  located  ir. 
r t a l crystal. 


The  invest  i /at  ion  of  the  elect  record  uc  1 l v l ty  of  the  f lne-qrair.vd 
sintered  powders  BaTiOj  r 7 1]  was  on*  additional  u juraent,  denying  th« 
existence  of  the  impoverished  surface  layer.  Data  on 

electroconductivity  indicate  the  complex  nature  of  surface  layer  oven 
in  the  rose nee  of  electrodes. 

i and  Lan  lawyer  also  sx presses  uoult  apropos  or  /Vl^~n>od*:  1 
f 6 1 > / after  indicating  the  u n r o a l : t y of  t n t existence  of  repolatizii/ 
surfacr  1 a v e r with  low  1 is] * cf  ric  constant. 

T ■”  i i o i os*  i jy  then  model  of  surface  layer  (i-l-molol)  proceed  to 

A 

cf  the  presence  repclarizing  thin  (less  than  1C  A)  surface  layer  with 
low  li'lcctric  constant  and  di*  lectric  losses. 

Page  70. 

":ic  ip;  ar  it.  i ir  t r is  case  elect  ric  fit  Ids  composed  JOO6  V/cm.  Such 
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fields  cm  leal  to  election  omission  f i cm  metal  electrode  in  surfac* 
lay*  i an 7 cause  electroluminescence  f 74  1„  In  turn,  this  model  also 
could  not  • 'vslain  a series  ci  *h-  r.ictc,  honied  with  ♦ h ■■?  motion  of 
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I:.r  uM:;t  practical  Vu  Ium  .i  t.  an  e if  e<  t of  geometric  dimensions 
ct  t i lr  on  the  value  of  spor.t ancou  - polarization  Pe.  of  dielectric 
c<v  s t a 1. 1 £ and  of  pyroelectric;  coefficient  V-  The  overwhelming 

majority  of  publications  [Ii,  4,',  hi,  7s]  testifies  to  i reduction  in 
th>  ipontaneous  noljiint  ion  Pe  a :ui  in  th-  li'loctric  constant 
with  the  t : i ck  ness  os  of  crystals  BiTi03  less  than  1 r>-  d 5 Exception 

is  f 17].,  According  to  the  data  of  1.  ;i.  Nekrasov  and  a.  A. 

Khrd  ihchevskiy  [45,  51],  thickness  of  - lav  or. 


shate  deterioration  in  the  dielectric  properties 


with  which  begins 
it  is  approximately 
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i’luro  2. 2J  -jives  thi  -ie  po.vioncc  of  spontaneous  polarization  - 
tor  singl  crystal:;  DaTio, . F.  V.  3utsian  an-1  N.  P. 

/ ov  f ’ )]  establish/install*  .:  •■ha*'  f i In.,  BaTi03  with  thickness 
1 mh,  i "air.  tetragonal!*  y a :i  cl  • ciilit  spontaneous  polarization. 
r-:iv-  field  jrow/iises,  in*  fil;rs  ;;c  net  lose  capability  for 
l-cMic  polarization.  With  tit-  t i-.icki  esses  c£  specie  en/sa  itplor 
'.an  1 Mivt  ho  coercive  fi-.-1-.l  Lecon-es  acre  than  disruptive, 
ive  spontaneous  polarization  it  iisappears  ani  ferroelectric  i 
i to ; ir.-o  linear  { yr  oel « ct  r ic.  Tie  authors  investigated  f iln>> 
in  tetrayonal,  crt.hci : oirl'ic  and  trigonal  phases.  Figure  2.24 
•ho  t enperat  ure  impendence  of  * he  lirlectric  constant  cf  til-nr 
different  thickness. 


10  i.uM 

■J  . '«3  . 2-2-J 

^ c-o  a »h. 

.’..2d.  Dependence  of  spontaneous  polarization  pc  on  thickness 
irnle  crystal  7aTio,  r-jO]., 
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Fig.  d-d-t. 
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V. , Smirnov  a if. 
of  :>hys.  , 106  5 
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Fa  or  7 0. 

A deer. iso  in  * he  * hrck:>ss  ot  x i lit  first  cl  all  manifests  itself  the 
valU'i  i f ♦ i.-1  maximum  of  1o;-end<  i.ce  «•■  - » (7)  at  1 *0°C,  then  disappears 
th>  maximum  of  dielectric  court  ant  wit  h 3 0C,  remaining  clearly 
ex  *,  resse.i  at  ♦ri0c.  With  ♦ no  * h icen  of  sp  ec  imen/sa  m pies  less  that. 

1 |j#h  d isapp*  at  ever y- hing  tl.iei-  paximumr. 

on  the  basis  of  the  •'X|<-riii  -rt.il  d ita  is  made  a conclusion  about, 
♦he  fact  that  in  pharos  * it  h 1cw.-l  symmetry  iue  to  a decrease  in  the 
coercive  field  and  degree  of  fertc  lcctric  "hardness"  1 ecr oases  th«- 
♦h  icf  nc-.r,  by  which  the  f or  roe  1 ret  i ic  tran  tor/converts  to  linear 
pyroelectric.  This  fact  war  explain-'!  themes  that  during  the 
transition  of  ferroelectric  avis  from  direction  <100>  to  directions 
<110>  and  < 11 1 > (see  Fig.  2.1*)  ♦ h ingle  tetween  *■  he  ferroelectric 
axis  ard  the  internal  fir-ld  n crystal,  directed  perpendicularly  tc 
surface,  it  is  increased  from  0 to  hr  and  55°,  tut  therefore  the 
dour*-*'  o'  the  attachment  cf  corn  jins  it  just  decrease. 


Chuynoviz  investigated  surface  layer  in  EaTi03  [(>'/]  with  the  ai  1 
ol  the  proposed  by  it  dynamic  nethcd  for  the  measurpnen*  of 
l y roe  l < ctri.:  current-.  They  er;t  al^V'h/ir.st  ailed  that  the  pyroelectric 
current  arrears  abov  ■ Curie  [ oird  in  the  fine/thin  crystals  PaTiOj 
even  ir.  the  absence  it  a op  lied  fields.  Remanent  polarization  higher 
thar  the  curie  point  can  be  explained  by  the  t ield  ot  space  charges. 
Studvirg  temperature  dopmipnee  V (T)  with  the  periodically  modulated 
flow  of  radiation,  chaynoviz  cii-w  the  ccnclusicr  about  the  existence 
of  the  charged  surface  layer  o:  order  1C’">  cm.  thickness,  which 
creates  electric  f i~ld  witbir  crystal,  it  alsc  assumed  ‘-he  presence 
cf  two  potential  thresholds  for  each  of  the  crystal  boundaries.  As 
the  proof  oi  the  presence  ot  potential  threshold  serve!  the 
dependence  of  phot  o-voltaic  effect,  high  er  * han  the  Curie  pcin*  on 
temper  at  ur-  and  asymmetry  cf  hystei^si:  loops.  Chaynoviz  al.se  showed 
that  the  field  of  residual  charges  influences  the  domain  structure  of 
crystal  low<-r  than  the  Curie  point , cordit  icni  ng  the  determinate 
direction  of  spontaneous  polarization  aftei  cooling  the  preheated  for 
Curie  point  crystal. 

The  analogous  cnaract^r  of  pyroelectric  current  ir.  naraelectric 
titanate  of  barium  was  cstabl i sh/i nsta 1 led  in  verk  [SK].  The  authors 
of  this  work  observe!  larct  the rmccurrent  (pyroelectric  current) 


r 
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hiqh,'r  than  the  Cuii"  point  *4 n o established  that  besides  the  basic 
maxiin'M  of  pyroelectric  current  with  T = 12o°c,  was  observed  the 
second  ■axi*  urn  with  f - ( It C-20C oc)  ( n j.  2.20)..  The  region  of  the 
existence  of  therm ocurrer t was  sprcai  tor 

T.,e  virile  model  of  smfa<t  layer  coula  net  explain  all  th« 
cbceivra  in  lamellar  t erroel.tt  ric  anomalies. 
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r-i  2.2r).  De  pen  den  c<  of  py  t > i • rue  current  on  the  teapecature  i: 
paraolectric  phase  lot  si.ujle  ctys-al  L-aTiC3. 


lurik  f 50]  examined  a model  of 
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[ 2d, 
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•ii  <:  1 r io  consent  s.  Wi^n  a i-  ere as-  i r.  the  ' hickna:>s  oi  ci  ystal  f nt 
tOiP  or  it-  :nt  ern  a l part  . • ; i i , 0 t j | ' u y n':ai  -suri ace  layer.  Its 
thick  nos.-;  iccordin  j to  r •.  caleulat  icns  is  epptcx  i®at«ly  2«1C'3  cm. 

T.  Lozu  int  s*v  i [ i 8 1 rev**il/uotccted  tendency  toward  an 
incr-a.  • i r -h~  t h iexners  of  suriact  !tyoi  with  or.  incioasf  ir.  the 
H'ii'Vr.-j';  of  crystal.  It  no’*  i .ta  r y :oi  plica* icg  facts  lurinj  the 


rmina* ion  of 

the  t hi  ci in  ss 

0*  ..ur 

f ;ce 

i y ( : 

and  its 

proper t ies 

he  source  of 

cor*,  r id ictor  y 

i n l o r ;• 
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ri 
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can 

serve  mea 

su  remerit  s 

ere  I:  T i ! V,i  1 

ue  an  i non 

..-re  on:- 

i r struct. 

ure  elect 

r ic  f ield  s 

r ’• 1 Character  1st  ic  i • : ur<  • r.t  : peci men /samples  BaTi  03,  scour ea 

in  hot  phosphoric  ac:d,  stir:  : 1 >•  let-  i.  i on  tut  of  measure  ment , since 

domain  structure  peat  the  suit,!.-  >t  layer  immediately  if  t **r  etching 

iirter.'  . r the  structure,  wh  ich  i t-stall  ish/installed  after 
enrtai:  tine. 

I*  was  ostdbi  ish./i  i.sta  1 lc  i that  or  mcnccrystals  BaTiC  3 , jrowr.  ir 

cn-*  crucible  according  *o  the  then  of  Hc-  trey  ku , the  concentration  of 

3-<lo»a  in  s with  an  increase  ot  tnicki. -so  grew/rises,  and  this  by  the 
de  t e r x i n i n j form  manifests  i*:n-lr  the  valu*  of  the  total  dielectric 
constat*  of  layer. 

Fiour o 2.2b  jivn.i  the  modi  1 oc  t:t  dual  sumac*  layer,  utilized 
in  work  f 5 9 ] for  the  explanation  o*  the  dependence  of  dielectric 
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Fii}..  2.2b . loilel  of  dual  surface  layer  [5 
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Fi  j.  2.2.,  Dop<  n ienc.  £ e i; 

{F  = 0.7  V/ctr,  f = 10  Hz).. 
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The  physical  pierut  e of  the  [Locessw,  which  lead  tc  * he  formation  cr 
surface  lay^r,  is  not  still  finally  clear,  tut  the  proposed  models 
toi  the  explanation  or  experiment  uc  limited  aru  often 
cent  r a diet  or  y. 

c \:r , in  spite  of  the  availalle  contrail  icticns  in  the  physical 
treatments,  it  is  solidly  ertatl i.h/insta 1 led  that  rne  surface  layer 
flays  the  lot.er  min  i ng  role  ir.  tape/riln  ferroelectric,  influencing 
the  -xistenco  of  revrrsive  polarization.  In  lanellar  ferroelectric 
dielectric  constan  *■  mi  pyro  lectric  ccer  riciert  cannot  be  designed 
cn  the  oasis  of  the  data  ci.  massiv-  specimen/sairpios.  Tno 
char ac*eri c- ics  >f  lamellar  f e rioelect r ic  -c  a considerable  degree 
depend  on  technology  of  ol-ainari  layers  and  in  each  specific  case 
must  rc  determined  experimentally. 

The  powerful  effect  of  sun  act  layer  cn  the  properties  of 
thin-film  ferroelectric  led  to  * he  tact  that  the  optimum  thicxness  or 


F“  nr  in-:  *-l»n«'nts  of  rer  roelcct  lie  receivers  considerably  mere  than  of 
metallic  and  semicon luctor  bolcmet  rs,  and  is  5C-200  pw. Are  Known  the 
followinj  m-thods  or  obtaining  the  fine/thin  ferroelectric  films 

Ba  I io  3 : 


roc 
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b)  cathode  sputterirg; 

c)  o b - i min  g f il  ms  t rom  f u siou/tool  t with  t he?  subsegue  nt  etching 

d)  injection  molding  with  plasticizer. 

Tb-  in  - - i . o t of  obtaining  *h-~>  thin  gajgfc  shtet.s  ?.iTiO,  by 
thic>  res.-  several  microns  is  described  in  work  [63].  Powder- lik- 
Ea  7 io  3 vaporized  at  high  tr  irpe  tat  u re  ficm  tantalum  boat  to  t ho 

pr  cheated  su pport/b ase.  Then  f lire  kc  re  calcined  at  temper  at.  ure  of 
SOP-  1 0 0 0 ° c . 

Ir.  films  were  observed  th<  hysteresis  loops,  a ho  value  of 
£ pot,  ‘ a r.eou : polarization  Pr  co.r.'o.  '..*>>  </c  n * (for  * he  mas  si  ve 

•'all  '3  Pe  = (20-  30)  pK/cm?).  i ) r icit  i;cyv  lac  x in  this  method  it  is 
expansion  baTiO 3 or;  baO  and  1 i r z wit..  « vnct  \ticr.  in  vacuum  md  in 
summation,  the  loss  of  oxygen,  .'hr-  ;•  iuct  io;  ci  oxygen  with 
puncturing  to  end/ lead  doe?  not  occur,  ,p.  ; * r.  e lattice  of  crystals  i 
obtained  that  which  was  distort  The  obtain.?.:  thus  films  ore 
t c 1 very  a 1 1 ine. 

h - V.  iurni  an  on  ani  ’ o p.  'cun  evov  f lj'  is  proposed  t ho 
method  of  obtaining  sinul*.’-cr  ysta  1 filns  by  j coking  from  f 11s  ion/me  It 
1 r:  the  tt-nosphero  of  oxygen.  To  platinum  foil  will  be  deposited  the 
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layer  cr  powder  BaTi03,  ami  foil  during  several  minutes  is  heated  in 
♦h  ►»  furnace,  whore  i. , maintained  t em  j.  o r at  ui€  1600-1700°C,  in  ♦ho 


a t bo 

; e re  if  oxyge 

r.  or 

air.  A i ♦ e r 

f - 

c 11 

i„  olatinun  support/base  with 

O' O 1 1 ot! 

" ‘Tin,  is  dr 

i ve  n 

ou  ♦ ..  1 Ollt  ♦ i 

o 

test  section  of  the  furnace,  an 

t us i on. 

'melt  hardens 

wit! 

CO  its  i O-l  a i 

; i<: 

temperature  gradient,  platinum 

foil  i . 

. on.-  of  the 

> 1 ect 

codes,  md 

as 

the  second  serve  sprayed  ir: 

va  ru u n 

; 1 1 v • : „ Filn 

s are 

si  t,i  mod  ; 

ru  f 

licier*ly  rronocr yr.tal  1 ino  with 

5- hO  p thickness. 

f 9 **  7i. 

I:  wo  i - r 7t,  9 1 is  ibed  ♦he  procedure  ot  obtaining  the 

thin  gnu  i*  shoo*:-!  3aTi03  or  ap  [ roxi  rmcly  1 p thickness  by  cathode 

sputter  i:  ) it  pressure  0 . 0 n - < rai  ii g cn  fiatmur,  glass  or  aluminum 
5 u [ r i i r/t  a : 

T!  e * hi  r layer..  oiTiC j r- 10  p*,t  hickness  car.  he  obtained  from  the 
plates,  which  h tve  the  fori  f the  " * i : cf  butterfly",  by  moans  cr 

grewin:  from  fusion/melt  according  to  the  method  of  ttem-yka  with  the 
sut  s ]uw.*  their  letting  out  in  hot  rhcsphctic  acid  [90-93].  Good 

results  if  obtainel  with  tie  pi  it.  s,  which  have  faultless  surface 
with  mono  lo.n airi  structure. 


Analogously  can  be  obtained  the  thin  layers  of  TGS  20-200  p o. 
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* h i ck  n 

ty  the  let* i no  o 

Dt  of 

tfi  e 

plates,  pre-cut 

out  by  saw  for 

wa  T-~  t - ;3ol  u 

hie  crystals  and 

t he- 

l-'Oii 

r.  heu  i n so  lotion 

TC3S  with  w a t e r 

and  ethyl 

alcohol,  for  of t 

i in  i 

j is 

o met  tic  surface 

etch  in y it  is 

let  t ?r  to 

conduct  with  ten 

jerat 

u re 

higher  than  the 

Curio  point . By 

tr.  is  inr  * i-.od  it  is  possible 

to  c 

ftai 

n layers  up  to  5 

p*it  hie  knoss; 

however,  t. 

he y are  more  : : i 

t t 1 c- 

* f;  a r; 

the  layers  c . t 

hQ  same 

size/d  i ?.oi; 

s i c n s B a T i 3 3 . 

Tf  e a 

r ocedura 1 L y 

i .n  j or 

tan 

* 

t r.  oil 

of  chtair.iny  the 

tl  in  c - r a m i < 

layers  of 

f erroe lect _ 

r c of 

oH 

r o x i 

a a t e 

ly  2C-50  (iMthickn 

ess  is  the 

l r.  "p  at  i on 

mold! n j or 

Jr  oss 

wit 

1 or 

yani 

c c e a e r.  t i r a r 1 p 

las  t ici zing 

substar co 

[12].  This 

rie*  hod 

ira 

k 

it  j 

cssille  tc  obtain 

the  t li  i n 

la  r y e-s  ize 

layers  an  i 

C O IT  p i 

• * X 

£ o r *p 

wit 

J;  a j co  d ic pro due 

ibility  cf 

chat  act  er  ist.  ics. 


6lC)CI0Cr?fl  Ptty- 

1 . A h a m h e n a A.  A.,  Ctp»*kob  13  B , V r p io  m o b M.  A—  Hsb 

Eaoes  74-76.  AH  CCCI>.  rep.  I960,  24,  II 

2.  A n a ii  b e b a A.  A.  KcpaMimeoKiie  npiieMiniKii  anvaa.  Ifn-B<> 

AHCCCP,  M..  1963. 

3.  A p t k>  x o b r k a >i  .7.  M . K p o m c h m y r c i<  ii  il  .7  0..  M a a 1>  - 

ii  p r A.  <I>  , C a m i)  ii  .a  o » B.  13.,  31  u e ii  k o A.  <!’  Man.  All  C.eCI’,  cep  ijini  , 

1965,  29,  II,  2110. 

4.  A ii  .1  e p t-  o ii  II.  B (Piiihka  AiiMeKrpiiKoii.  Iln-iin  AH  COOP.  '1  . I960 

5.  Btrsukcr  1 B.  - Pliys.  Lett.  191.6,  20,  5v. 

6.  Ii  e p (vko  p 11.  13.,  B c x t e p Ii.  I\—  <l'TT,  1967,  9,  9,  26.32;—  11  ib 
AHCCCP,  cpp.  ((in  I960,  33,  2,  199. 

7.  Ii  e p c y k c p II.  Ii  , Bure  p B.  I , .1  a n ii  .i  i.  a y k ! . C , K p e ■ 

ii  e ii  b y i c k ii  ii  .1  C , A1  y i a .1  tu  k ii  ii  A \ . Pa  <}>  a a n n ii  a Ai  .7  — 

<1>T T,  1969,  II,  9,  2152. 

8.  Ii  o r n p o A ii  n u ii  ii  II.  II.,  B o .1  n K o 6 n ii  c K H ii  h)  M . Bn. 

p o 6 b p ii  A.  A,  TaprPB  6 M Tpopmi  nmcMpiiKoR.  «3npprwi*,  .'1. — 

.7.,  1965. 

9.  Ii  o ryni  a b c h ii  ii  < . A.—  B kii.:  llifipaimup  Tpv.Abi  no  ()>ii;iiiKe  Hay- 
k,i».  M . 1961. 

10.  Ii  o p ii  M.,  F p ii  n p p t - M a ii  e p M.  Teopiin  TBppAorn  Ten.  I IITT.7, 
M.—  71.,  1938. 

11.  Ii  ii  p ii  M.,  K y ii  i,  X.  AHiiaMii<kvKan  rpopim  KpncTaa.nii'iccKiix  pcmetoK. 
H.7,  M , 1954. 

12.  fi  o r n p o A H H k n ii  H.  II.,  K a .1  h m a it  c II  B , Ho  it  M a n M M. 
h Ap.  PaAHOKPpaMHKa.  rocniippromAAT.  M.—  .7  , 1963. 

13.  B y p c H a H 3.  B , C m ii  p ii  o b a II.  II  4>TT.  1962.  4.  1675;  1964, 
8,  1818. 

14.  6 y p r H a ii  3.  B.,  Cm  p ii  u ■ a il.  11. — y<4CHM*  aaimcKii  .171111 
hm  rppupiia,  1966,  303,  151. 


DOC 


77  ) M4o 


P A b t ~ s* 


*5*  E o p o ,i  i!  i!  B.  3.,  T a x C.  r.,  K p a m a p o u 0.  PI.,  K p c m e ii  q y r- 

k h ii  *7.  C.,  71  a m a ii  c k a n 71.  n.,  Ai  a a b ii  e u A.  <p. — OaeKTcottuaii  tcx- 

K-i.  14.  Alarepiiaabi.  1967,  8,  Ml. 

10.  B c p 6 ii  I.  k a a T.  H. — OaeKTpiiqecTao,  1956,  6,  GO. 

17.  B o p 6 ii  i.  k a n T.  H.,  A a e k c a h a p o a a 71.  M.,  Hi  it  p o 6 o k o - 

a a H.  II. — Iba.  AH  CCCP,  cep.  (jm3.,  1965,  29,  !1,  2104. 

18.  r a an  o B E.  K.—  <PTT,  1966,  8,  3386. 

19.  r ii  ii  3 6 y p r B.  71.—  y<PH,  1949,  3S,  4,  490;  >K3TO,  1949,  19,  36;  cpTT, 
19C0,  2,  2031. 

20.  r y e 1!  o k E.  17.,  K y A 3 ii  h A.  IO.—  H3H.  AH  CCCP,  cep.  dm3.,  1967, 
31,  7,  1188. 

21.  r a o 3 m a 11  H.  A.  ribe303JieKTpii>iecKiie  .waTepiiaau  b BaeiiTpoimofi  tcx- 
HiiKe.  «3iieprnn»,  M — 71.,  1965. 

22.  I'  y p e b 11  4 B.  At.,  e a y a e b H.  C. — H3b.  AH  CCCP,  cep.  dm3., 
1900,  24,  10,  1342. 

23.  71  a 11 11  a b ‘i  y k P.  C.,  K p c m e 11  i y r c k ii  S 71.  C.,  Al  a a b - 
11  e b A.  O.—  H3B.  AH  CCCP,  cep.  <|m3.,  1967,  31,  1754. 

24.  71  a 11  11  a b a y k P.  C.,  HukobckhH  At.  A.,  K p e m e h 4 y r - 
c k 11  ii  71.  C. — KpiiCTaaaorpa(|)im,  1969,  14,  998. 

^ 25.  >K  e a y a e b H.  C.  <P»3iiKa  KpiicTaaauqccKiix  AiisaeierpiiKOB.  «HayKa», 

\1  ?9  5"  ° H 3 ^ *-CI  11  P a h e 71.  CerneToaaeKTpiiqecKiie  KpiiCTaaau.  «Miip», 

’ 27.  H b a h 4 h k H.  H.—  <PTT,  1961,  3,  3731. 

28.  K e im  11  r B.  CeriieTosaeKTpiiKii  11  anTnceriieT03aeKTpnKn.  H71,  M.,  1960. 

29.  K o 3 a o b c k 11  ft  B.  X.—  Hsb.  AH  CCCP,  cep.  $113.,  1965,  29,  6,  882. 

30.  K a a a x e b 11  m M.  71.,  K.  p e M e 11  q y r c K 11  i)  77.  C.,  Al  a a b - 

h e b A.  <P.—  y<l>}K,  1968,  13,  4.  629. 

3! . 1<  » c a o b c k 11  ft  71.  71.,  P a a a 11  0 b E.  K.,  Ill  y b a a o b 71.  A. — On- 
Tiixa  it  cneKTpocKonlia,  1908,  24,  137. 

32.  K p c m e 11  q y r c k 11  ii  71.  C.,  C a m o ft  a o b B.  B. — KpitcTaaaorpa- 
(Jinn,  1907,  12,  G,  1077. 

33.  K p e m e 11  q y r c k 11  fi  71.  C.,  M a a b 11  e d A.  <!>.,  C a m 0 ii  - 

a o ii  B.  B. — B mi.:  O.ieKTpuqecKiie  11  onmqecKiie  cnoilcTBa  AiisaeicrpiiKOB. 

IhA-  Vxp.  HHMTH.  K.,1908,  05. 

34.  K p e m e 11  q y r c k 11  ii  71.  C.,  M a a b 11  e b A.  <!>.,  C a m 0 ii - 

a 0 ii  B.  B. — HT3,  I960,  0,  109. 

35.  KonuHK  B.  A.,  T a b p 11  a o b a H.  71.—  H3b.  AH  CCCP,  cep.  dqi3.. 
1903.29,11,1909. 

36.  K o h c r a h t ii  11  o b a B.  n.,  C 11  a b b e c t p o d a H.  At.,  A a e k • 

c a ii  a p o b K.  C.—  KpiicTaaaorpa([)iin,  1959,  4,  G9. 

37.  K.  0 a a o 6 c k a n M.  <!>.,  r a b p 11  a o b a li.  At. — B kh.:  Poct  Kpii- 
CTaaaoB.  <Hayi<a»,  Al.,  1901,  3,  278. 

33.  71  e 3 r 11  11  u e n a T.  II.—  <PTT,  1965,  7,  4,  975. 

59.  71  v p t>  e At.  C.,  Hriiatbcaa  H.  B. — B kh.;  <t>H3:txa  TDopAoro  Teaa, 

1.  I13.VBO  AH  CCCP,  At.,  1959. 

40.  Al  11  c a p o b .1  A.—  <1>TT,  1960,  2,  1276. 

4!.  H 3 li  71  m.  ‘P;!3nqecKiie  cnoiiciua  KpucTaaaoB.  tAltipi,  At.,  1967. 

42.  Hexpacoo  Al.  At.,  Xpamescxiift  B.  A.—  H3b.  AH  CCCP, 
ccp.  (Jri3..  1905,  29,  11,  2107. 

43  P e 3 H.  C.—  1I3B.  AH  CCCP,  ccp.  cjjisa .,  1909,  33,  2,  2S9. 

44.  C m 0 a e 11  c k ii  ii  P.  A.,  K p a fi  h ii  ic  H.  H.  CeriieToaaeKTpiiKii  11  aimi- 

ccniciosaeKTpiiKii.  «HayKa»,  At.,  19G8. 

45.  C 11  a b a e c t p 0 d a H.  At. — KpucTaaaorpa^iiiii,  1901,  6,  4,  582. 

40.  C t p y k 0 a B.  A. — <PTT,  1904,  li,  9,  2302. 

47.  C t p v k 0 b 15.  A.,  T a p a c k 11  ii  C.  A.,  C k o m o p o x o d a T.  71.. 

Al  11  11  a e u a K.  A.  — IHb.  All  CCCP,  cep.  (|ih3,,  1965,  29,  6,  982 

48.  C t p y k " b 15.  A.,  f a p a c k 11 11  C.  A.,  B a p 11  k a ui  B.  At.—  <t>TT. 
1908,  10,  0,  1336. 


7 70  ’ 0 1 4 h 


^r-/73 


roc 


PA- 


49.  C t p y <:  o n B.  A.,  T a p a c k ii  h C.  A.,  Kon  u n :c  B.  A. — >i\3TO. 
1900,  51,  4 (10),  1037. 

50.  T y p u k A.  1).-  <1>TT,  1903,  5,  9,  2102. 

51.  X p a m e n c k ii  ii  B.  A. — Bccthhk  KilH.  Ccpmi  pa/uioanetcTpoiisiKa, 
1965,  2,  141. 

52.  M t p a ii  ii  c k ii  ii  M.  M.  CenieToa.ieKTpiiKi!  u ncpcncKTiiflu  iix  r.piiMcne- 
min  u Hbi'iiicaiiTe.ibiio'i  TcxmiKC.  t3iicprim»,  M. — 21.,  1932. 

53.  A n 1 i k e r .W.,  Brugger  11.  R.,  K a n zi  ? W. — Helv.  Pliys.  Acta, 
1931,  27,  99. 

54.  B f e z 1 n a B.,  Fotcenkov  A.  A. — Czech.  J.  Phys.,  1904,  14,  1, 21. 

55.  BfezinaB.,  Janovec  V. — Czech.  J.  Phys.,  1904,  14,  1,  44. 

50.  Buchinan  P. — Solid  State  Electronics,  1908,  11,  8,  707. 

57.  C a 1 I a b y D.  R.—  J.  Appl.  Phys.,  1905,  36,  9,  2751;  1900,  37,  0,  2295 

58.  Chanussot  G.,  Arend  H.—  Phys.  Stat.  Sol.,  19G8,  29,  2,  K149. 

59.  C h i n c h o 1 k a r V.  S.,Unruh  — Phys.  Stat.  Sol.,  1968,  29,  2,  609 

60.  Crawford  J.  C.,  Dragsdorf  R.  D. — J.  Appl.  Phys.,  1905,  9,  2764. 

61.  Coufova  P..  Arend  H.— Czech.  J.  Phys.,  1962,  12,  4,  308;  1960, 

10,  9,  663. 

62.  C h y nowet  h A.  G. — Phys.  Rev.,  1956,  102,  3,  705. 

63.  Cochran  W.— Phys.  Rev.  Lett.,  1960,  9,  387;  1961, 40,  401;  Adv.  Phys., 
1959,  3,  412. 

64.  Devonshire  A.  F. — Phil.  Mag.  Siippl.,  1954,  3,  85. 

65.  Dodd  D.  M. — Spectrochiin.  Acta.,  1966,  16,  413. 

66.  D r o u g a r d M.  E.,  L a n d a u e r R . — J . Appl.  Phys.,  1959,  30, 

11,  1663. 

67.  D v o t a k.  — Czech.  J.  Phys.,  1959,  9,  710. 

68.  Feldman  C. — Rev.  Scient.-  Instrum.,  1955,  26,  5,  463. 

69.  Feldman  C. — J.  Appl.  Phys.,  1956,  27,  8,  870. 

70.  Fatuzzo  E.,  Merz  W.  J.— J.  Appl.  Phys.,  1961,  32,  9,  1683. 

71.  Glogar  P.,  Janovec  V. — Czech.  J.  Phys..  1963,  13,  4,  261. 

72.  Hosu  I no  S.,  O k a y a G.,  P e p i n s k y R. — Phys.  Rev.,  1959, 
115,  323. 

73.  II  o s h 1 n o S.,  M i t s u i T.,  J o n a F.,  P e p i n s k y R. — Phys 
Rev..  1957,  107,  1255. 

74.  HarmannG.  G. — Phys.  Rev.,  1959,  3,  1,  27. 

75.  Heywang  W. — Z.  Naturforsch,  1965,  20a,  7,  981. 

70.  H u y d a t R.  V u.,  Baumberger  C.—  Phys.  Stat.  Sol.,  1967,  22, 
2,  K07. 

77.  K a n z 1 g W.—  Phys.  Rev.,  1955,  98,  2,  549. 

78.  K a 1 i s z L. — Acta  Phys.  Polon.,  196S,  33,  3,  381. 

79.  Last  J.  T. — Phys.  Rev.,  1957,  105,  1740. 

80.  Liesk  W.—  Appl.  Phys.,  Lett.,  1961,  5,  4,  69. 

81.  Liesk  W. — Z.  angcvv.  Phys.,  1966,  21,  3,  205. 

82.  Merz  \V.  J. — J-  Appl.  Phys.,  1956,  27,  8.  93S. 

83.  Merz  W.  J — Phys.  Rev.,  1948.  76,  1221. 

84.  M a t t i a s B.  T.,  M i I 1 e r C.  E.,  R c in  e i k a J.  P — Phys.  Rev., 

1950,  104  , 849. 

85.  R c m e i k a J.  P. — J.  Arner.  Cliern.  Soc.,  1951,  76,  940. 

86.  Sato  G. — J.  Cliern.  Phys.,  1966,  45,  275. 

87.  S h i b u y a J.,  M i t s u i T. — J.  Phys.  Soc.,  Japan,  1961,  16,  479. 

88.  S h i r a n e F.,  T a k e d a A. — A J.  Phys.  Soc.,  Japan,  1952,  7,  1. 

89.  Savage  A , M i 1 I e r R — J.  Appl.  Phys.,  1959,  30,  11,  1616. 

90.  Shi  bat  a H.t  Toyoda  II — J.  Phys.  Soc.,  Japan,  1902,  17,  404. 

91.  S c h o i j c t M.—  Phys.  Slat.  Sol.,  1904,  4,  3,  639. 

92.  S e k 1 d o T„  .Mitsui  T — J Pliys.  Cliern.  Solids,  19G7,  28,  6,  967. 

93.  T a n a k a M.,  K i t a m u i i N.,  H o n j o G — J.  Phys  Soc.,  Japan, 

1962,  17,  7,  1197. 

94.  \V  i e d e r II.  11.,  Parkenson  — J.  Phys.  Cliern.  Solids , I960,  27, 
2,  247. 


rag<->  7 t _ 

Chapter  II T. 

PYfOKLECTiUC  COEFFICIENT  Mlb  DIELFCTKIC  CONST  A N*I  OF  F EP  HOE  L2CT  F IC. 

search  on  pyroelectric  effect,  ii  L er  toe  lectr  ic  is  conduced  L 
two  methods:  static  [6-14,  da,  29,  31,  FT,  b 2 , £7,  73,  91]  and 

dynamic  [ 1-4  , 28,  30,  3c- 34,  36,  64,  6C,  P ■ , 6 6],  As  shown  in  worn 

[1  ],  i:;  observed  the  <ii  f fti  enc»-  in  values  static  yc  and  dynamic  y4 
pyroelectric  coefficients,  which  is  exj  laint-d  1 y the  different 
cor.tr  i nut  i cn  to  the  pyroelectric  eifect  of  the  separate  mechanisms  o 
a change  in  the  polarization  with  texpetatuce. 

It  the-  static  p y^oe lec* r ic  co r : i r i o n t Vc  is  defined  by  the 
cot;  t r i h u t i cn  both  of  rapid  aid  sir  mechanisms,  th«n  vaLue  V4  is 
mir.«  d only  by  ospjrat  iv  ■]  y ; apid  processes  it.  the  course  of 
o*  relaxation  tp  < ~- (/„  - modulation  frequency), 

r t . ; in  the  temperature  dependences  cf  pyroelectric 

•■*k  V*  and  y4  for  siril^  crystals  IGS  and  naTiO , are 


Dec  = 770  r0:!46 


/7{ 


‘‘r  ' ’’  • however,  at  t!->  c raniicist  cr  v>ilijf  Vc  can  2.r>-l 

f i ifltir  exceed  v a lues  )\v 

r.‘  ringings  r 1, 2 ] indicate  the  ntcd  tor  characteristic 
ro',  '',rfI“r‘*  of  Proactive  .aerials  under  conditions,  dose  tc  the 
op  r it  xor.a  1 conditions  of  radiation  deleters.  Eelov  in  essence  is 
giv.-:  *,.♦  information  a ..out  ur  ,1^'nts  y4  a r.  1 & by  dynamic 

*«thoa  for  lamellar  ferroelectric. 


* - Crystals  of  the  jrour  of  T60. 


inv‘?s*  ijationa  of  p y r oe  I > r ♦ r i c effect  in  the  single  crystal 
: n,";  Lt  lsoa  orphous  wtn  conducted  by  dynamic  method  [1,  2,  32 

- 3,  34,  h t,  b5,  66,  70,  74,  7h  1. 


Wcri  r i i ] gi  v«-s  the  r.. suits 


of  ri.>:  irojsurcients  of  th< 


temperature  lepend-ico  cf  th.  yyrosl>ctiic  coefficient 


oi  single 


crystals  ras  at  the  different  va 


easure  m<_n  ts  wore  utilized  tnt  speci.r  ■-  r./sa  ir  pies  in  »he  form  cf 
ylatrs,  (:u*  out  perpendicularly  to  axis  i made  of  the  large  single 
r ‘ d 1 }l  : ,jb  t ^ >•  T!|,'n  they  tronzed  in  a juecus  solution  to  the 


lues  of  electric  t i d g ^ p< 


necessary  *•  h ick r.-ss  ind  cn  the 


,r  "‘'te  . | ray-coated  in  the  vacuum  of 


It.;  ho.it  capacity  composed  c0  = 2.  5*10'*  j/ueq»cm?  and  absorptivity 
e„  * 0.95 

/\  in  spectral  rar.tr>  0. 1 - 1 0 (..Hr  At  the  radiation  ilux  density  2«10~'i 
i*  is  est  ab  1 ish/i  r.st  all  eci  r hat  the  £j  ~ciuen/s.i»pies  being 
investigated  vtia  reheated  ry  radiation  f 1 jx  net  more  than  to  0.  1°c. 

The  significant  part  of  the  s pccincn/samp les  had  dearly 
express-', i raxim  Ha  pyrocoe  f f ici  e r.t  in  range  47,,  5-48.  r-°C,  exceed  ing  i*s 
valuo-r,  a+  *ho  room  *-np-:at  irt  1 *-  1c  tines.  The  value  and  the 
position  or  fh  is  tnaximun  c;.  mged  from  *eiiiptuttir4  t ra in ing/a gi ng  ara 
the  coi  dit  ions  of  p o 1 a r i?  a » ion . part  of  the  samples  -lid  not.  possess 
r 1 • arl  y expressed  maximum  v.i  " Y.i  ( "I ) wir  ti  t = 0.  The  maximum  of 

pyroelectric  coefficient  was  reach'd  ir  area  3?-45°C. 

I;  wo  r x [ 3 3]  a 1 so  were  investigated  tie-  s p ec  imen/sa  mp  les, 
polar  i r > ''low  cooLing  from  f 0 0 c t c the  rocc  t c m pe  r at  ur  e in  field  2 
tV/cru  rig  are  i.  1 gives  temperature  depend-  lines  ot  absolute  values  !y,t| 
for  diiferrnt  electric  fields. 
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FOrTVOT"  x.  Subsequently  the  siqn  or.  n ecu  le/mcci  ul  us  for  v*  will  b>; 

1 owe  re:.  F NDFOOTNO  TK. 

fearur  %:  *-»n  t s were  conducted  in  trie-  following  order.  At.  the  determines 
♦ei'l  ratur-'s  were  measured  the  values  y;i  ii  ficlns  0,  60,  100,  1000, 
^0C0  v/eir  ot  one  polar  it  y After  the  repeated  polarization  or  the 

s per  i n c n/sa  ;n  pi  e.  beir.  j investigated  unccr  t t.e  same  conditions  was 
deter  mined  d .’pendenc-'  Y.i  = Y,i  (T)  , Lilt  in  the  fields  of  opposite 
po  la  ri  t y (£_).  Then  w*-  re  construct  s.i  dependences  \a  (7\  £+)  ard  ya  (T,  £_). 

The  presented  in  the  figure  curv-s  arc  related  to  these  two  cycles  or 
ireas uremer  t s. 


The  curves  of  Fi  j.  i.lb  <u  ^ typical  t:cr  a irono  lotna  in 
specimcn/s ample,  with  an  increase  in  the  field  they  become  Tor° 
washed  away  and  the  absclu-r  values  of  maximum  Ya  descend. 


F i J~  3.1.  Temperature  dependences  v.i  on  the  vain,  of  electric  f ie  1 1 
tot  t hi.  cases  of  the  positive  ( i ) and  negative  lb)  polarity;  1 - L = 
T;  2 - F = (10  V/cm  ; 3 - >•  = 100  M/cm;  a - f-  = 1C00  V/cra ; 5 - K - 8000 
M/cm . 

'('ey:  (1).  k/cm7*deg. 

P a (]  p 78. 

In  hiql.  fields  is  observed  the  insignificant  displacement  (to 
0-  2-0.  i°C)  >t  *-he  maximum  cl  pyroelectric  coefficient  to  the  side  ot 
larqe  - ->irperatnres. 

h i jar^  3.,  la  g i ves  curves  ya,  r^movtci  in  the  field  of  opposite 
polarity.  T j observed  a r h a i ; decrease  m the  pyroelectric 
coefficient  in  fields  less  than  100  M/cm,  during 

apf  reach/d  pnroxi  ir,d  t ion  to  phase  transition.  It  is  possible  to  select 
this  field,  in  which  in  ill  area  of  phase  transition  is  less  than 

at  root  temperatur e. 

Sharp  reduction  V.i  at  some  fields  and  temperatures  is  explained 
by  the  rearrangement  of  lomair  structure.  In  t! is  case  the 


pyroelectric  signals. 


given  hy  lonains  uith  opposite  orientation 
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compensat o tor  each  other,  ar.u  totj]  pyroelectric  coeft  icient  it 
Ivcnto;:  equal  *o  zero.  The  j.v-  above  curves,  raecr.  in  tht  fields  or 
’ifteron*-  polarity,  ir:>  typical  for  wary  speciwen/saiDplos  being 
i n vest  i gat od . 


I " v-  s t iqat  ion  or  the  lep*  r deuce  y„,  or  t he  thickness  of  * he 
s pec  i ro  on/s  a m p 1 os,  prepared  accor  l i nc  tc  one  artu  the  same  technology 
tier  the  i.ii  je  sing]  cno*-  ii  or  TlS,  civt  the  following  results. 

•ss  j.  : observed  tendency  toward 


Turing  a 1 

iecreas*  in  the  thick 

n 

i s 

redact  ion 

y.i.  .-specially  » : i i : 

r.  o-  i 

c o ii ; 

C ri  4 \ n jf  ^ 

b-  1 00  p r» 

-lowever,  powerful  s; 

r ° <i  i 

s i i> 

evei  t- ; i 

me *y /bate  h-*s  or  spec 

i . • ■ 

. 1 Q 

to  derive 

reliable  impendences 

..  0 £ 

* ho 

200- <500  M 

tiiickness  the  iraxieu 

fT  V \ 

W d 

ci.  en/suiaples  aid  not  jhkc  it  possible 


while  of  specimen /sain  pit-:;  hC— 100  p t hickno.-rs  - in  range  47 . 5-4  7. 8°C. 


Work  [2f>]  giver,  the  ini  or  n.a  tier  about  the  considerable 
displacement  of  the  maximum  or  j y s oelectr  ic  coefficient  y,.  for 
sir.jle  crystals  of  To  S (77n  10  ’Q  luring  static  measurements.  The 

Tea of  sublimity  V.,  conducted  ilsc  shewed  that,  the  maximum 
of  pyroelectric  coefficient  was  displaced  to  the  side  of  the  lower 
* e ■ p • r a t. ur •' c.  with  respect  to  t l.r  maximum  of  dielectric  constant  at 
very  w r a k fields. 
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This  displaces  ;nt  w ' s net  co/suci*  consider  able  anti  of  so®-; 
pociiuen/sam  pies  it  was  0.^-0. S°C,  sc  that  coul  <1  arise  the  doubts  of 
ho  nooi.de  nt  it  y of  ferroelectric  states  luring  iroasurement  y4  and  £ 
n i of  t no  accuracy  ot  measure  monte,  "cr  ♦ he  mare  convincing  proof  o 

h**  iisolacement  of  isaximums  * is  carrii  ) out  tit  raeasureme nt  of 

elation  \Jt,  since  in  t'  case  it  w is  eliminated  the  error,  caused 

y the  H*»t.  erochron  iss  or  • asm  • Dents  c t these  values.  Figure  J. 

iyes  typical  tor  t he  irajcL  c.y  c:  r | ec  i so  n/sa  a p 1 os  temperature 
pivr.  i nee  yjt,  wade  of  whicl  evia-  t that  ♦ he  itaxiirum  is 

isp laced  (rore  left  rudn  the  maxi.nua  £>  (curve  1). 


« nc 

! SS  1 

50 

3.  J 

0 - - 

1 - 1 

-10  -6 

-6  -4  -2  o r-r0, r 

o r 

relation  r>-  c 

Fig.  1.2.  Dependences  or  relation  y-«  cr  value  T-70:  1 - 
exj.eriniei.tcal;  2 - designed  v.ft  h 1 = 0;  1 - cesicncd  wit  h E = 300 

/cn„ 
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ra  je  ?n. 


There  ar*  ;i  vcn  temperature  iioj  endences.V.i  F»  designed  in  accordance 
with  ti.t- rmod  vnamic  theory.  According  tc  equation  (<..16),  t he 
temf.erat  ui  dependence  yh  i.  similar  tc  u-  p^ndence  P - P (T)  and  in 
the  .ib.eico  ot  field  must  charge  according  to  the  law  ( r-T0)  >/?.  The 
qi  v*-i  theoretical  relative  d»n  ••  n if- nets;  lVF  strongly  ditfer  iron  the 
fx  per  i r ent.  al.  This  difference  it  i.  not  possible  to  «xplaif  by  tie 
presence  of  internal  field  crystal.  Calculated  curve  y Bft  in  the 
f i(  1 1,  comparable  » ith  coercive,  is  given  in  the  sat1  figure  (curve 
?)  . The  displacement  of  maximum  y,  ir.tr  tut  targe  of  lower 
tempera*  urt  ; with  respect  to  maximum  £_  must  te  explained  by  ether 
reasons™ 

7 N*  .1  ‘pendonces  of  pyre*  let  trie  coefficient  y*  arid  of 
di*  I'rMic  constant  C on  temperature  tor  single  crystals  TGS, 
deutcrizcd  TGS,  TGE'3  and  TGSe  are  represented  ir  Fig.  ).  j f 1 8 ].  The 
value:-  of  pyroelectric  coerficior.t  i ci  all  crystals,  except  TGSe,  at 
i oc»  temperature  nave  identical  order  of  magnitude.  In  tho  crystals 
IGF  8 i r.d  TG.fe  an  increase  in  value  y.,  and  in  the  especially 
dielectric  constant  near  the  temperature  of  phase  transition  sharper 
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i:  a 


con;  arison  with  single  crystals  TGS  and  DTGS. 

Iii  all  crystals  is  obseivpu  the  character ist ic  shift/sbea 
ten  r>«rat.  ure  or  wx  Lmurn  TL  in  comparison  wi  + n the  tonperat 
i:nur  Tm  to  0.  3-  1. 0°C  to  *lc  side  lew- tt  mperatuie. 
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Fi  3.  J.  Dependences  of  p yrct  l~ct  r ic  cceft  ic  iert  v.i  and  of 
dielectric  constant  £ cn  tong-raturo  toi  the  single  cl  ystals  of  the 
group  TGS  MS'):  a)  T G S (y  -sect  i r/shtai)  ; t)  PIGS 

-scction/oh-;  ar)  ; c)  TGS  c [y  - ■ . - io; /shear)  ; j)  TGFU 
( -y  -section/shcar)  . 

Hoy:  ( 1)  . k/c,d 2 »je  g . (2).  ( .c"  ion/s  hoar)  . 


Pago  SO. 


So  Tot  ir  ar  e observe  1 supplementary  [oaks  m curve  y (T)  , 
iisplaceo  with  respect  v c the  Curie  temperature  7'k  to  the  side 
1 o w- t espe r at ure  on  2-6°C.  These  supplement  iry  maxi  bums  disappear 
duiing  the  imposition  of  external  electric  rielc  larger  thar 

i'.  i v.  , jt  c non  t e.ii  pe  ra  t u r cw  u is;  lace.aent  of  *"'ne  temperature  of 
t'hi  »asi<.  maximum  T.„  on  i-iatior  7f..  can  ft-,  explai”-  1 iv  appearance 
in  -he  vicinity  of  the  ^opnatu,.  of  the  ; i:ase  transition  of  the 
considerable  polar i?  it  ion  f <:  Min-iilr  ferioeJectt  ic,  induced  with 
th*  fields  or  volumetric  m i . uri  ac«*  charg-tc,  ar:  also  with  terminal 
asseffitli"s.  This  inuucod  polar  i ration  gives  the  supplement  ar  y 

l_ 

~d r~ 


cont  r ii  uti  on  to  pycoclecMic  coefficient  in  tiu  form  of  term  £/• 


Th''  maximum  of  this  contribution  corresponds  to  point  of  inflection 
in  curve  £;  {")  and  leads  to  * he  ’isplacemcnt  cf  maximum  Y.-»  (T)  to 
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til*  id-:  1 -iw-t^nipp  r i-.u  re. 


Th^  appearance  of  a supplement  ary  raxiBum  in  curvp  y,i  (T)  (see 
Fii,  l.lt,  curve.)  1 and  2)  i*  is  explained  within  the  frajeworn  of 
t h r>  Kozlovskiy  modoi  [20]  as  r-ffpct  of  the  rearrangement  of  domain 
structure,  which  corresponds  in  thermodynamic  description  to  an 
abrupt  change  of  th*  coefficient  of  unipolarity  h (sro  2.24). 

Ir  wotks  [ 34,  PS  ] were  oi.:.-rv.oi  r c n a n ent/r  es  idua  1 pyrcsignals  at 
the  t on  p>  r at  uros,  exceeding  curie  tec.  pc  tat  ul  ?,  wnereupon  the  sign  or 
these  signals  wore  changed  by  opposite  durinj  the  transition  through 
th*.  Curio  point.  The  appearance  of  Micre  signals  and  a change  in 
th»sir  sijn  also  can  do  explaint,  i by  the  eaitigenc1  of  the  induced 
polarization,  proper*"  ional  to  v a 1 u it j . and  which  changes  si  jt:  luring 
the  transition  through  the  Cur  i.  point  (Fig.  3.4). 

T.h-'  investigation  oi  pyroelectric  effect  in  t!  » single  crystals 
uf  triglycine  sulfate  luring  raji.'i  heating  speciwen/samples  was 
carried  out  hv  the  authors  r lu  1. 

Figure  1.  S shows  t h*-  oscillograms  cf  tr.e  pyroelectric  current  in 
th*  rang'  of  phase  transiticr  a*  ‘he  different  heating  rates  from 
cower!  ul  source  (see  Chapter  VII).  before  -ach  measurement  the 
r.eci  m rn/s  a ;ncle  wa.-.  polarize.!  in  field  [ ] kV/cra.  In  tho  torgue/moment 


l' f v-  — 770  tS 0 8 4 6 


P AG  E 40*^/  ($ 


Ct  the  inclusion  of  radiation  source  the  temperature  an  the 
thermosr  at  ically  controlled  container  was  46°C.  Are  in  parallel  giv»r 
cuv's  of  i-'yro electric  ciirmt,  taken  in  tie  absence  of  the 
rotnu-ed  signal.  The  first  peak  tc  the  left  in  these  curves 
characterizes  th-  transient  process,  bended  with  the 

connect  ion/inclusior  or  radian^  sources,  ihe  manifestation  of  the 

-f  . c“i*-d  ( x cwr.  ) [i  dkc  cai.  : explained  cy  d isplacetneti  t Tym 
Hid  T'm  (s-.e  Fig.  3.4). 


7lg‘  3,,U*  Thc  <iiagrds«atic  reDCesc  nt  at  i rn  «.Kie  »■  , 

• nTinc^  ot  t ht  displacement  of 

values  r»  and  TL  r.-,..,  u 


F a j o A 

Coi*nir  t.i'  "ijhtenii.g  of  discharging  carvf  (/r.,,ps=s  IQ^J),  aopare-ntly, 
can  Ip  explained  by  the  D’.c;c:  p.on  o.  charges  in 

s j ••(*  i m<'  n/sa:n  ,;lt  . During  the  +■  l a r;.;j  * i 01  ♦ nrcug  n the  Curie  point  are 
vi'.’:  1 > Bar'xhausen » s jumps,  which  can  be  ouiervert  u’  th<  rates  oi 
h-atin;  icoi  ' than  1 deg/s. 

T..-  oscillogram;  of  t nt  pyro-'*l*ct  I ic  current  our  in  j heating  the 
un i do]  : ipeci  en/sample,  which  possesses  certain  internal  f ield,  ar «• 
gi  v*  :■  it  Fir.  d.->.  During  cooling  pr eli  iri no ri  1 y reheated  for  C urie 
t-o  it*  ' j ■’cm.  n/.Mjrl"  the  internal  field  polarize.:  it  in  dot  or  mi  rat- 
direction.  Tn«  direction  ot  poi  ir  izaticn  can  1 * j i lg-?d  rroir  ot  * he 
initial  pok,  caused  by  t ho  connect  ion/  inc  1 usi  c n of  Lurinous  flux,  h) 
apflyir.  j a pj.lir.j  field,  it  i.j  possible  to  compensate  foi  effective 
internal  fi  rid.  iccorling  tc  the  figure,  td-  ayplit-J  fit-id  of 
apicox:  at ']  y PO  V/cm,  directed  oppositely  internal,  completely 
con  per : a t e.;  tor  t^o  latter,  and  during  coding  tho  ipecimen/samplo, 
f:r;.  ihiv-  f ht  Curie  point,  sir  jl-  crystal  * ransf  rr/con  verts  t 
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roly-d  ('mdi  n statf,  l a d py  rot  1 ectr  if:  signal  virtually  it  is  aosont.  A 
furthe;  increase  in  the  applied  fiel  ! lui.;  tc  the  appearance  ct  a 
polarity  of  opposite  sign.  In  t 1,->  fioute  ir  is  evident  that  the 
initial  peak  to  fields  f>()  V/cir  is  directed  dowr,  and  with  the  higher 
strengths  ot  f ioi  1 - upward.  T!  e determination  of  the  displacing 
(internal)  fields  employing  the  lescritcd  procedure  car  be  conducted 
sore  accurately  than  by  the  csci 1 lcgra p hy  of  hysteresis  loops. 

Ed.  Crystals  or  group  dal  it 

F*  rroelectric  of  the  ' yp*-  . i ,T'  i < > 3 possess  jer1  complex  domain 
structure,  than  *■  h - crystals  oi  It;:-;  therefore  the  inf  orn.a  t ion  about 
♦hoi:  • v i oac  - i v i t y hears  oft  c int  relict.  ory  character. 

.Sinai  crystals  BaTiC,  possess,  as  a rule,  unstable  domain 
configuration  and  t h-  unstable  coefficient  cf  uni  polarity.  This  is 
cn»  of  the  reasons  tor  the  rsi - utilization  of  single  crystals  ot 
ti*anat.>  of  barium  i n radiation  detectors. 

however,  ccramicist.  .rtali'i3,  polarized  un  lei  certain  conditions, 
[ os senses  fhi  s t a h 1 e value  of  pyroelectric  coefficient  and  widely  is 
utiliz‘  1 as  sensing  elements  of  receivers. 
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F i m.  es  7.7  dr.  i 3.8  uepic*  * o the  dependence  of  pyroelectric 
coefficients  Vn  an  1 Yc>  ai'.l  also  lielcctric  constant  £ on 
to  up*3  ra  t ur».  for  single  crystals  tin  ceraniicist  cf  group  Ba  TiOj.  The 
1 i :'t  i nc  t i vt  special  f eat  iiro/t  oai  1 i ai  it  ies  or  these  curves  ar®  th® 
powerful  displacement  of  the  maximum  of  pyroelectric  coefficient  in 
relation  to  ‘h>-  maximum  or  dielectric  constant,  considerable 
d i ; r * r • ncc  in  value  ind  posit  ic:.  of  the  maxim  urns  or  the  pyroelectric 
coo:  t i ci*:nt , measured  fcy  eta*  ic  ar  i dynamic  methods,  and  the 
c<  j c pro1  of  pyroelectric  current  1 i;her  than  the  curie  point. 

A p . i r e : • 1 1 y , besides  i er r oel oer r ic  polai  iz  at  ion,  an  essential  effect 
cn  tie  syroflectric  effect  have  ctli'i  ferns  of  polarization  (for 
example,  interlayer). 
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Fig.  0.7.  Temperature  le  pen  der.cos  Y*  Vc  a n J e fee  the  cera  midst  of 
group  PaTi o , . 


Key;  (1).  cul/crn2 • do  g„  (7).  ceramic-  (3)..  Ill  composition. 


Fdqp  R5. 


In  work  [00]  was  conducted  research  on  the  inf ralow-f reguency 
dispersion  of  pyroelectric  coefficient  and  dielectric  constant  cf  the 
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f i ?.  ,1.8.  Temperature  (Icpeiidetx  os  x*._vc  a ::•!  for  t i e single  crystals  of 
group  :iaTio3  and  som*-1  others. 

Key:  (1).  k/cm2 «de g. 

F i j.  1-9.  The  t eniper  it  u i e dep~in  *nc«  ot  the  pyroelectric  coeff  icien* 
ci  ceramics  /a  (Ti  0 , ,?Si,  0, 0 B)  c3  liftert-nt  undulation  1 1 tquencif s: 
4 - 0,  CV,  2 - 0,  1;  I - C„  >;  u - O.v  S - 1;  f>  - 2;  7 - 40  Hz;  S -Vc. 

Key:  (1).  k/cn2 *dey. 


Ta go  8o. 

It  at  room  t ur  pera  t ur  e * ! • Ion  it.  a.  • i c 1 - in  forirition  Y*  jlays 
5 pon  t a ■ >"Hi  .>  poiari zat  ion,  t : ui  i:  j in  increase  in  the  t e»  perat  ur*5 
a more  not  iceatlo  role  Fiogirs  to  play  the  relaxation  processes  of 
vo  lump  r r ical  ly-char  je  polar izat  ion.  Cispei  uin  Y*  in  ♦ ne  range  of 
frequencies  10-70*  H/  is  insignificant. 

The  opt  ainr  i result  arc  not  only  cu  pp  lorot- rtary  material  for  t hr 
explanation  >t  the  n it  ui  ■'  or  tl<  i nfr a 1 cv - f r equt ncy  mechanism  ot 
folari7a*icn  in  ferroelectric,  hut  disc  they  have  the  determined 
prartir  t i value  in  connection  with  the  ut  i iizat  ion  of  pyroelectrics 


t o i p r od  uc  i n g t he  r i j i 3 t i o r,  t .'crcrs  a nd  temperature- sensing 

devices. 

' Pyio,  loctric  effect  in  ether  t error  lect  r i c an  d linear 
■t  y ro«'  If  c-r  ics„ 


For  d< veloping  pyroelectric  radiation  detectors,  besides  TGS  ana  | 

UaTio3,  are  utilized  the  crystals  or  i.icbar  e or  lithium  LiNbOj , SBN 

(Sri_xBa,Nb2oj), 

A ceramics  of  titanatc  of  zirccnate  or  lead  and  sulfate  of 
1 i t h i ur  Li 

Niolat  j of  lithium  cf  all  Known  at  present  ferroelectric 
possess*-*  the  greatest  value  oi  the  Curie  t cm  pe  Ldt  ure,  wnich 
according  to  the  data  f hi]  is  124S°K.  I yro.  Lecttic  coefiicient  of 
riio.1  it  t of  lithium  at  room  temperature  small  ^y4  =8-  10"9 
Mk/cir2*<ieJ.  However,  small  changes  in  * his  value  up  to  100  °C  and  it., 
stability  ri ake  it  poos i lie  to  itcon inend  crystal  tor  the  creation  cf 
tl.r  receivers,  intenled  for  the  rcea  su  re  me  n t of  intense  radiant 
flux*  s.  The  pyroelectric  characteristics  of  tartalate  of  lithium 
LiTan,  ,re  described  in  works  [hi,  hh,  71,  71'.  in  the  lata  of  Glass 
r'’  \ the  pyroelectric  coeri;ci^nt  cf  tantalate  of  lithium  comprises 
i 0-1)  *he  coefticient  of  titanate  of  tarium  at  room 


Df\ 


770  o 0 -j  4 6 


P A 0 E ^/?7 


X 


tdTiir*>.  Ti.e  dependences  nr  «-  h o cy  reelect  r ic  coef f icie  nt  or 
ricbato  of  lithium  ind  tantala**:  ol  lithiuo  on  temperature  are  given 
in  Fig.  )„  J and  3.  10  f . 

The  investigation  of  pyio<  lectric  rf  ff  ct  in  the  single  crystals 
cf  pot.us.iuiT  ft  rrocyar,  ice  (see  Fi  j-  a.  1C  c,  !,  ani  e)  is  carried  our 
in  wore  f 3 1 t.  i’nder  the  condition  c + repeat.-:!  [reliminary 
polarization  were  reached  tie  large  values  or  | yr or lectric 
coefficient  in  Curio  point  (yc  l0  - 10  r‘  ■</  (cm  * • deg ) ) . However, 

these  values  were  unstable.  The  value  cf  spontaneous  polarization  at 

-33  ‘ C 

)\  /vas  10  ij/cm?. 

In  work  [241  was  in  ves  t iq  a t * no  dept  i.  lence  of  pyroelectric 

cult  at  different 
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F i < - 10.  Dependences  of  values  > and  £,  rrem  the  temperature;  a) 

the  X-cut  of  Rochelle  salt  [24]  at  t. no  different  pressures  (1-0,  2 

- 2210,  J - 4h00  kij/cm?x  r)  or  the  dihydrootr.  phosphate  of  potassium 

KH?I  '«  (i <D.i)  in  iifferer.t  DC  fields  (1  - 2.:>;  2 - 4.7;  1 - 7.4  kV/cm 

T 10])  ; c,  I,  e)  (101)  section  o potassium  te  i l cc  ya  nide  (^KS)  [ J 1 ] ; 

f)  t an*. i late  ot  lithium  LiTaO,  <"711;  q)  tantalatc  of  lithium  LiTa03 

[4  1], 

K“y:  (1)..  k/cm?«dey. 
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Fiy.  3. 1 1.  Tlie  ccpendonces  of  v tiae  ye  [tea  tenporatur a for  r.otrt=- 
linoir  pyroelectrics:  a'  tcuiT.  iline  [ ] ; L)  sulfat~>  of  lithium 

Li?SC4  (1)  , othylencdiam ine+ar t ru t (2)  juanidino  is  aluminum  is 
sulfur.'  of  h->xahyd  ra" e ( ?)  [391;  c)  nitrate  cesium  [12];  d)  ru.ti.ite 
of  bar  i urn  [ 11];  e)  sulfate  or  jirr.inn  ( *.)  and  ci  nitrate  bar  iun  (2) 
f 1 2 1 ; r)  jlyeino  (1)  and  po-assium  disMlled  (1)  [12].. 
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Ir  of  also  inter*-  s*  tl  i r v *->s  ‘ i gat  ion  ct  the  single  crystals  cf 
the  di  hydro  jcn  phosphate  c:  I'otassiijt  (K  j?)  in  di  f te-ront  DC  fields. 


Cr  the  data  of  the 

tut  hors  f 1 0 ", 

pyr ot  lect  r ic 

ccef f icie 

nt 

1 o we  r 

t.h  an. 

the  fm  i-'  p oint  is 

very  lo*  in  t }, 

c absence  cf 

e lectric 

field  a nd 

it 

reac her  la r jo  v al u 

es  only  in  the 

range  cf  p ha 

st  transit 

ion 

(Sec 

Fig. 

3.  1 0 f ) . Du  i i:.g  the 

imposition  o : 

D C f i e 1 d t r.  e 

range  or 

t.  no 

large 

values  of  the  pyroelectric  cod  t ic  i*  nt  is  xuai.de-!. 

Fi  jure  3.11  gives  the  curves  <•:  t h --  temperature  dependence  of 
the  r-y roe  1 'err ic  coefficient's  ct  seme  linear  pyroelectrics.  The 
values  ot  the  quantities  of  pyroelectric  coefficients  arc 
considerably  less  than  of  ferroelectric  crystals.  Table  1.  1-3.  3 gives 
the  basic  information  about  the  electrical  characteristics  cf 
ferroelectric  ar.d  linear  pyroelectrics. 
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§4.  Effect  of  gamma-radiation  on  the  electrical  characteristics  of 
f e i roe  1 ect r ic. 


The  stability  of  t he  char  ac*-  er  is1-  ics  ox  ferroelectric  radiation 
detectors  is  bonded  » it  n the  stability  cf  rn?  spontaneous 
polarization  in  crystals,  whici  depends  oi.  the  internal  electric 
tivl  which  is  determined  by  sp.  ac-  charges  and  contacts. 

T-  sys*oi»&tic  investigation  ot  value  and  reasons  for  the 
emerg*  nee  rf  considerable  irternal  fields  in  ferroelectric  *hoy 
f oca  tie  t.c-  ; . occupies  in  conp.ec*  ion  wi*n  t he  utilization  or 
ferroelectric  films  as  memory  in  computers. 

The  basic  investigations  were  directed  toward  research  an  the 
farters , lowering  the  value  or  internal  lir.id  ir  crystal. 


Fair  9.'.. 


Heir  practical  poin  * of  view  this  w.t:  * spec  1 illy  i r,  per  1. 1 n t , since  it 
Tate  i*  possible  ♦ o obtain  c-ll/elemrr.t  s with  the  identical  reversive 
characteristics,  necessary  ict  tiip  ncrtnal  operation  of  memory 
e lemen* s. 


The  wile  utilization  o 4 ceramic:  materials  in  electromechanical 
transferee rs  is  caused  by  tho  ruff  icier t stability  of  the  internal 
field  c.f  their  material. 

The  investigation  or  t hr  stability  ol  pyroelectric  coefficient 
ceramicist  BaTio3  slowed  r h a ♦ , a t i-irt,  lurinq  half  a year  t.hc  value 
cf  quantity  yA  is  chanqed  rot  nor0  rl  an  tc  ♦ - 1 Co/o.  Are  ccr  si  del  ably 
more  complex  the  processes  of  the  nt  ari  liz  at  ior  of  unipolar  state  ir. 
ferroelectric  crystals  [ 15,  2r' , h5  ].  Frequently  are  encountered  the 
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inor.odonain  crystals,  when  pyroclectr  ic  «£uc  in  them  is  observe! 
without  preliminary  polarization  ny  •tetior.uy  field.  After  several 
cycles  the  heating  - cooling  t he  high  dcgi.ee  cl  unipolarity  in  these 
crystals  disappears.  However,  through  certain  it  car.  again  ho  reduc-e 
to  tie  original  value.  Are  encountered  such  single  crystals,  oi  whirl 
♦he  value  oi  pyroelectric  effec-  : r decs  net  decrease  after 
temperature  effects.  A quantity  of  suer,  -single  crystals  is  snail.  ir 
we  ol  *.iin  ceramic  cell/clemen  ts  with  the  close  values  of  pyroelectric 
coefficient  it  is  suificiertly  easy,  then  cfct  airing  single  crystals 
with  the  identical  values  or  quantity  Y«  presents  difficulties. 


I-  is  appropriate  to  still  note  that  a series  of  the  physical 
phc'.oai.  na  finds  its  satisfactory  explar.at  ion  crly  un  1<»r  the 
assumption  of  the  existence  cl  internal  fie  1 i ir  crystal.  Those 
ph*  nomcna  include  t he  dopender.ee  or  ccercive  field  and  changing  over 
characteri rt ics  on  the  thickne sees  of  crystals  [ 59 ],  th«  Barkhauser 
effect  fhSI  gamra- i tradia ted  crystals,  etc. 


The  p r o a 1 e 

m o f t 

ho 

stati 1 izat ion  or 

spont a recus 

polar  izat  ion  i i 

fenou]  ect  r i c. 

thus, 

is 

t cd  net  a to  t he  st 

a t i 1 i zat ion 

of  polarized 

Ft.d*  '•  or  those 

or  i ent 

eti 

in  one  direct icr 

i c ir  a i n„ 

There  iro  several  methods  cf  r I.  - e ta  fc  i 1 iz  at  ion  of  domain 
structure.  r>asic  made  of  tint  - iriidiation  X-iay  an!  l> y gamma  rays. 
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f " ' *!l  ll  1 r ion  or  implicit y/admi  xturei  , tK  pr  ccT*ssin<j/tr  ea  tm  etit  of 
cryra]  boundary  an  i t he  deposition  or  el ectroues  from  different  by 
work  f u net  i on. 

Ejmiia-  uk!  X-ray:;  prouuc,  loni/aticn  n,  all  solid  bodies.  The 
i ?au*io!i  Oi  idinn-d-r  I.liat  ior  viri  s-ifcst  ance  is  realized  mainly  because 
' 1 : * misis;  t he  photo elect r i<  effect,  the  Co»pton  effect  ant 

■ 1 : * -■  » toe-  i 1 1 it  »h  i c i.  predominato  with  low 

° : iar  r i-  ,Kiit  >,  ♦ !.*  second  - with  middle,  * he  thirl  - 

high - 


wit;. 


It,  all 


cn  ci  tics.,  com 

parab  1 e 

with  energy 

!f>  i ;r  *o  t q,-. 

i n t ->  r n u 

hot  h<i  r !r  er. 

* he  i r ere  i ty 

is  ex  pen 

d/ccnsu;  ^ . 

recurs  atonic 

lispl  i • 

emer  t as  ,» 

P1  ices.*-  • s <n  Jr  i v • i cut  the  electrons  with  the 

*:.r  initial  lamma-quar.  tri , which 
>r  substance.  The  lai  je  part  of 


re  ''lilt  oi  elastic  collisions. 

la  go  9 3. 

g a in  ma  ii  t illation  of  solid  dielectrics  leads  to  a change  it, 
t-,-ii  'lect  r ocondu  ct  iv  it  y and  dielectric  constant,  it  produces 

je.atici  ional  effects.  The  appearing  ar.  a irsulf  of  irradiation 
spar*  charges  contribute  tc  the  iormition  ci  internal  fields.  These 
'.■>  < an  exist  a 1 t-u  the  ciisat  iur  ct  irradiation,  but  at. 
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sufficiently  high  t cm  pec  -it  ur<-  4hry  can  chat  je  n to  completely 
d i soup  .il, 

(ifO.?s  [ 69  1 developed  t h { he nomenc logical  theory  of  the 
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1.  r;„  Zheludev  and  V.  A.  Yurir.  r ii,  23]  r < voa 1/detected  that  t.h-» 
radiation  defer4:?  have  an  analogous  afreet  on  the  properties  of 
Poch«'H^  salt,  the  gamma-  irradiated  Pcclie  ll-1  salt  has  a hysteresis 
loop,  sharply  different  from  the  normal.  With  an  ‘increase  in  the  dout 
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ci  gamr.  i-i  icidt  ion  t:.-*  loop  is 
'>o:-lielle  sail  h.  jins  to  he 


i if  ur  cat  ee.i,  and  in  large  doses  (Dp  > 10  Mu) 
politic si  similar  to  linear 


d i itcTit. 


Hours  [HI]  establish*  a t hat  .licit  ct  r ic  constant.  EaTiP, 

dorr*'. a.  and  its  p ••  a V at  Cut:*'  roir  *■  disappears  in  large  radiation 

dost  s. 

v.  A.  Yuri  n et  il.  r c4,  S,  r-7  ] shewn-;,  that  .iurir.  j i rrad  iaticn 
*tio  M"..-'  of  ferroelectric  phase  bcccnes  narrow.  T'..e  gas  analysis 
conduct©.:  ■;  ooweet  tha*  tin,  irradiate.:  tcchello  .alt  is  subject©  -1  to 
n.rii’f  ie  rsolutic:..  i/r.c  mol*  .;ul  •:  ic-con  pesos  ap  p.tox  iirate  ly  on 
several  t h ei  .-.an  ds.  Th-'  ah  net  sin  1 polarization  of  the  irrtJiated 
'or.  *1  ’ ■»  salt  is  caused  fy  t n»  tor  it  at  net;  cl  -ne  oro  diets  of 
r d 1 i o 1 y .is. 


I-  Ya . ”ys  nor  [5*''],  being  iasnd  on  t tutainel  ly  it  results 
abed*  th-  nn  rowing  ot  the  exinr.nce  dcita  in  or  spot,  tat  • iur> 
polarisation  and  the  1 istot  r ior  of  hvrtar-'  u.:.  loops,  i * no  t*-.|  the 
analogy  between  th*  effect  on  * 1 o lv  rrc*lec.tr  ic  or  radiation  detects 
arc;  inr  tj  r it  y/ad  mix  * ures.  Apparently,  during  th*.  introduction  of  small 
rpi  'itics  of  impur i* y/ad mixture s into  ferroelectric  its  J cirain 
st  rue*  ur  • inquires  consider ab 1.  ;t  u ility  with  respect  to  external 
agenri  (*-1  -ct  ric  field,  1 i it  » -rye-rat  -are,  etc.)  . 
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1 • - * into  noroal,  v a it  or  ielay  at  rocm  tesperat  ure  ana  in 

' lyn  >viz  issumed  that  the  mechanism  of  the  radiation 

i"i  )"•  ii.  *■  crvs'  . is  ot  T:o  consists  in  t ae  rearrangement  of  atomic 
tructure  is  a result  ol  the  >condary  chemical  reactions*  However* 

- n font-.oo*1  ion  with  t..e  camp].-  x i t y ol  radiat  ion  effects  ml  nature  oe 
f • ■ *-  ros  I r r i c i t y into  T iS  Ci...  y r.ovi  z propose  l the  phenomenological 

* ‘ of  effect,  cons  id  s in g t hat  ♦ he  accumulation  if  radiation 
'ir:»;o.  : a crystal  l>ids  to  a gradual  d^crc.i;?  in  depth  of  one  of 

*•'■*•* 1 “*  • 1 • • which  characterize  entity  il  the  ion  (see  rig.  2.2), 
ci  iticil  tor  the  effulgence  cf  spontaneous  col  ar  iz.at  ion.  As  a result 
■>'  * 'i-  -train  one?  ot  the  directions  o*  spontaneous  polarization 
is  i'll-  . r.  or  jet  ica  1 1 y note  f a vor  ab  1 1 'hi;:  another,  t ii  a n ks  * o w n ic  h 
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and  occurs  the  lispl acem  ■>:,* 
fi-'l  is.  duhsequcntly  th  J 0 i 
wh  i :h  con tain  lef sets , were 
fco*ii  i r.  powerful  and  in  woa 


of  av-s*  er  es  m loops  a lor  j the  axis  of 
lectric  properties  or  the  crystals  T«7S, 
ii.v-ofijure  i by  a number  of  the  authors 
electric  fields  fIS,  20,  13,  40,  *11-56, 


4 2 


r 5*  e - ll'1  crystals  r<?S  it  war  established  that  the  achromatic 
re:ore  irraliation  ipoc  i men/ta  o pie  s acquire  uniform  jreenish-yellow 
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I r r -*r r.  al  field  acts  o: 
st  al  i 1 i z 's  its  spon*.ineouL: 
external  and  internal  field 
rori *icr  or  Curie  point  anc 


crystal  to  analogously  external 
polarization.  Tit  analogy  between 


is  exhibited  also  in  effect  on  + 
'i.-  vilii  : cr  dielectric:  constant 


t f rs 


External  electric  f iei  i r t he  value  cf  dielectric  constant 

an  f it  5 is  places  its  maximum  tc  the  sice  of  higher  temperatures. 
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r ; Ur  r he  effect  u:  u]  tr«i  violet  radiation  also  iro  ops  >rvp  I 
r*r  1 cvj  ous  phono  men  a , but  to  considerably  sir  il  1*  t degree  fu7’. 

Tbt  ef : »ct  of  jam  n a-r  a di  dt  ior  on  crystal  Pa?ic  j bears  simila 
char  The  results  if  ir  v«  at  i rations  ate  present— 1 ii  v 

r 2(  , 27,  4 o,  b»,  7 2,  Hi,  80  1,  .rd  ti  * j roperty  cf  crystals  PaTiOa 
;rcw  • vith  add  it  ions,  ar-’  e-'.-r  i i l eo  ir-  work  [ 4 •*  '. 

7f  <•  «» xp-^ri mental  s+uiv  or  «- e . iac  rt  ganma-radiat  ioc  on  t 
* 1 oc*- 1 leal  a n i spec*rai  era rae tc cist ics  or  *•>  ->  is  car  riel  out  ir. 
works  r1'-,  2 0]. 

Tic  authors  studied  * he  pyroelectric  > : i < l r ji  t n e crystals 
■ e r sets  • i r.  ] t he  low  ae<ii  ••  o i nr  iio  1 ar  i * v,  during  irradiation  : y ; 
coses  of  ’jam  ota-  rad  ii  tior  foi  tic  purpose  or  their  single 
do  it  a 1 nira  t ior. 

Ig-ltf.K/CH'-BpOll  (J) 

fr»*  35i  i ; i i ~7~  ; 


I g iO'.K/CM’tfXjl  / /, 


I 


lHK'  = 77070346  P A <i  E o-/y 

lie.  1.  1 2.  The  temperature  if i or  donees  of  tn-  k yroelect  lie 
coefficient  Va  in  iif  relent  radiation  ioa.  ..  ilP  cor  t ho  crystals:  i) 
• it  a the  high  degree  of  unipolarit  j (1  - np  - C ; 2 — {> ; -1  - SO;  4 - 
100  crit.  ; S-  0.S  :nr);  l ) w it  i r i.  .•  1 >w  degree  cl  unipolarity  (1  - nr  ’ 
= 0;  2 - t>  0 ; 3 - 130;  4 - r 1C  c r i*  . ) - 

Key:  (1).  k /cm  2 • de  r . 


A:  • 9"ciii<*n/s  i.T;  1 1\'=  foi  investigation  * ere  use!  the  plates  of 
*ii?  y-sect ion/shear  of  Tt;s.  3ctci;ncn/r.aaples  had  in  area  1-2  mm*  am 
a th  ickness  100  p.  Ir.  vacuuis  < i * h etr  w«-te  deposit  ad  silver 
elao* codes,  ana  rh>  irradiated  suriac*  they  co ver/coa to J with  the 
liy-i  of  jol  i ilack.  rh*.  det  - r i.;  ir.atior  cf  values  la  ana  « 
conducted  by  means  or  direct  measure  .tio-rt  V*  and  of  relation  Yj/b-  T.i 
source  > f radiation  was  Co60  . j ;ei  x*  n/s  am  pies  during  irradiation  wot-- 
Tain*  a ir /w  it  hstood  ur  i >r  DC  field  (£„  > £„).  Their  temperature  3rd  not 
exco^d  40°C.  Measurements  w-ue  coniuett  1 before  irradiation  also  in 
the  r n t er  v ai/gaps  between  to  it  tail  iations. 

figure  3.12  depicts  the  ti  aporaturc  dependences  of  Y«  on 


rauiatior  dose  for  two  snecim*  n/saaiples. 


which  possess  the  different 
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,!  l>r  unipolar  it  y (strongly  littering  in  y*h  From  tno  figure  or 
c 1 : ifH  r,,4t  with  an  i ocroase  in  the  dcse  occurs  the  displ  acem  ent  oi 
v 11  *"  i°'nt  Tk  *o  trie  side  of  low  r t e mpe  i at  u r cs.  However,  if  for 
fhf'  ’il'r  :t:ieciBr»n/r.iapl  (with  the-  hi-jn  degree  of  unipolarit/  be  for- 
ir  «.a-:  ia  io  see  Fi  g.  3.  12a)  occur.;  'he  monctoric  i rcidonce/u  ton  ir. 
t‘1  ; > y r o • l-'ct.ric  coefficient  Yn  vita  an  increase  of  dose,  then  rcr 


the 

s tconi 

(with 

lr- 

t he 

low  degree 

or  uni  tola 

r it 

y rotor-'  irradiation. 

1 ; «•  1 m 

so  e 

Wii) 

it  i . 

a oiserv-o 

i co  nsi  <:  er  a 

i lr. 

increase  ir.  the 

CO.  f 

fie ien  t 

Y" 

in  r i 

lie  tiete  r :..i  n 

> i inter  va  1 

of 

doses,  and  already 

? 11L  3 

eq  Ije*  n t 1 

y#  in 

1 a r 

go  coses,  i 

s observed 

4 *• 

* 3 

decrease,  i.  e.  , occur 

3 

1 ” 

i :;r  < 

•)  Vo 

.Hr 

' nt 

i n 

t hv 

p y r 

oe  1-. 

ct  ri 

e*  ra  y 

i f'  i- 

4- 

Lt 

O 

- y 

»c  i 

. m ; r 

»/S 

> t»( 

* (in 

1 r*r 

t ho 

1 t t r 

»'■  cr 

o i ^ 

(jail 

71  _ 

V 

a 1 

ue 

of 

¥ 

ra  a >: 

i ra  j i 

o f 

c -1 ::  v 

i i 

; ; 

i * r i 

* 

or 

the 

1 11 

irc- 

o f 

t : .*• 

a n i j- 

ol  ari 

W 1 

ir 

•*.  r 

cr 

* a.' 

•e  i 

Pi  r 

li  e a 

oe-  - 

i *■  w 

r 

>■  UUCP 

ra 

x i T 

u ;n 

w .1 

<; 

•no  V 

c*  i 

t o 

t he 

S 

or 

low* 

st  t e 

In 

wo  r k 

c ^ 

0] 

u i ; 

ca  • 

c i ed 

out 

fho 

irve. 

cf 

t ,i 

io 

t f 

f e 

c 

in 

r in. 

e.  T 

he  t 

J.  v-  ; 

’ • • 

I ( 

h c 

for 

o i 

i r 

a i 

i at 

ion 

by 

tht 

low 

'•*  N 

i>?e 

c t u n . 

j e 

* T 

► » o 

r 

tin 

lpo 1 ar 

fry 

W 1 3 

def 

n o.  i 

U 

ratio 

♦ t. 

e ^ 

b 3 

r.c 

of 

fie 

1 1 

t C ~ 

iat  i 

1 i i 

t he? 

rial 

A t 

th 

, a 

i r 

i a d i a * 

i • > . 

o f 

Cl  y: 

t <)  I 

in 

f i t 1 d 

(T)  in  t h as  a n e a s u r * me n ts. 


pyroelectric  signal  i , 


:vk' 


7 70  7 084i 


PA  lit 


X/lfi 


g i t.i  l- 1 i i i at  ion  on  the  order  oi  10s  p were  ne-asured  r he  values  of 
q'nntitios  «y,  va  an  l p-  Sac;  aca;-  irfwnt.;  wet  a carried  cut  three 
fiT(i;:  ir.ru  liately  liter  ir  ran  i a t i oi  , in  two  sort  hs  and  through  half 
a year.  A f - r imjiu-ioi  of  t i -uj  jor ity  or  s{  ecimen/samples  t «•» 
vain  By  rose.  With  t he  very  low  coefficient  of  unipolarity  before 
irradiation  after  irradiation  the  value  oi  t y reel octric  coefficient 
grew/ros  ; ..owe  ver  , at  value;;  0y  = 0.3g-0,5  to  irradiation  after- 
ir id  3 ia~ io n was  observed  both  ar  inert ase  7a  fer  some 
s pe.c i mcn/s  a.T,  pies  an  d decrease,  for  ot  he  is. 

A.-  i*-  was  ear li-  r s iiu,  the  t moeiat  ure  ma xi mu  ms  of  dielectric 
constant  Tm  and  or  yy  roel-ct  r ic  cor  f i rci.-nt  Tym  for  sinol  e crystals 
77.  , as  a rule,  do  not  coincide,  th  ir  sh i ft/s  hear  relative  to  each 
other  car  reach  ibout  1 . r>°C.  V h e effect  or  jaanra-radiat  ion  leads  to 
the  facr  that  an  interval  Tn  — Tl*  ror  the  majority  of 
s p ecim  nn/s  am  pies  noticeably  deer  r’a  tio  w -1  vo  c , after  semi  moot  hly 

aging  value  of  ar  if  t/  ;neai  a Jain  gicw/rises,  which  is  bonded, 

apparently,  with  the  " annealing"  or  radiation  defects. 

Pa  jo  07. 


In  -hi:  case  somewhat 
mo  i;  urer.  • n t.s  , carr  i :a 
•hi  wed  that  values  By 


decreac.e  the  values  0y  and  >Y  The 
out  through  valf  a year  after  irradiation, 
and  Va  continue  to  fall.  Furthermore,  of 


t he  y 

some 
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specime : /samples  an  interval  Tr,„  — with  aging  becomes  narrow.  3iv- 
in  format  Lon  can  be  useful  for  the  explanation  of  the  effect  rf 
radi  \t to:.  /'Kuosur?  on  tie'  parameters  or  ferroelectric  radiation 
detect  err-  The  met  hoi  or  the  stal i lira t ion  of  the  spontaneous 
polarisation  with  the  aid  of  gamma-rad  iat  ion.  is  insufficiently 
r e 1 i a fc  V>. 


S5 . 


.'or.tact  system  is  m-tal  - t err o* 1 e c tr ic-met al . 


The  study  of  system  me  ♦ a 1 - dielectric  - total  (rot)  (for 
example , [17])  snows,  that  ii.  la::-  liar  crystal  tie  different 
fleet  roues  can  load  *o  t !.«.  airier,  a-  distribution  of  electric  field. 

It  us  examine  ♦ he  sa now  id  system  metal  - ferroelectric;  metal 
(Mf.r  [ mc  i*l  - ministry  of  : • i : i it.  «,•  met  y ar  ut  act.ure  ])  w!>  »n  met  *]., 

they  possess  different  work  function  ( </ , anu  * ?)  1 . 

fOCTTOTK  1 - The  problem  of  the  contact  1 1 ferroelectric  semiconductor 
vith  two  identical  metals  was  lecently  examined  in  work  f 1 >•>  ]. 
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- T':i  diffusion  coefficient,  which  u;  bonded  witi,  eh 
" by  Sinst-in  • r-;  1 i*  ionsiiif./r  dt  ic 
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1 i.o  solution  to  equations 
the  J^neniience  between  tat* 
In  ferroelectric  the  dependence 
described  by  the  more  cornel-  x r 
crystals  with  * he  pease  rrar.si  - 
ti»li  is  approximately  bon  a pc:  * 


( )„  1)  and  (,  2)  is 

induction  C fie  1-1 
fct - ween  inn  ac t i cn 
■>  1 i tienship/tat  i c , 
ion  of  r he  first  t 
it  h polarization  ( 


y i v ?r  in  w or  < f 1 2 ], 
E is  linear  (D  — e£). 
ma  field  is 
in  which  for 
ype  th  ? electrical 
3t>r  Chanter  IT)  ; 


E - (IP  + CP3  + IP'- 


(3-4) 


1 T f -> 


ac  ru rat  • i y 


t ■-  -i  r nf  l-  c r 
car  ho  o ht 


is  cas?  t he  system  or  t ;uaricnr» 
solved  only  by  numerical  method 
ric.  However,  approx  irate  solar  i 
a med  du  liny  the  t ol  low  i:  : simpl 
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Sufcst  it  ut  i v.  j expression  (3.5)  i ( 1.  ’*)  .it  0 retaining  the?  terns, 
linear  cm  Pm*a»  taking  into  iccount  rel  ir*<-i  h i p/i  itio  (<.#•)  we  hare 
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tho  X,*  = (p  + 3?Pc  + 5 IP'C)~'  = -1 
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i u.  , i n tic  sis  nlified  version  r t chi >•  ...  is  roaticcd  to  t u*.» 
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II  analysis  of  these  sol ut  ioi  s,  carri 
in  the  ns''  of  a largo  difference  in  t 
occurs  a monotonic  increase  ir 
In  r e c.is*'  of  metals  wi*n  ent  ana  the 
cf  V ( x ) ha.-,  a maximum,  .ini  rh»-  cui  vo 


f i out  in  work  [17],  shows  th, 
ho  work  functions  of  metals 
the  potential  energy  of  v ( x) 
saint  vi  ci  k function  Jeponuenct 
of  E (x)  - opposite  signs  in 


for  r oc  1 r ic„ 
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(3.11) 
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I I 031  X m . 


Fro-n  expression  (3.12)  it  follow:;: 
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■ it:’.  * i s form  S (x)  tht  i ::  r .-»qr  r:t  i o:;  or  ex  i ross ion  ( i.  11)  i: 
or.Uictod  simply: 


^ 2Bbi  l I^k  + bE  (jrt)  T — V^Ty,  + bE  (xj  — T).  (3. 


14) 


F x ; re  ?s  in  } 3 through  ' (x  , ) an  i v (x  ? ) , wc  : in-i 


C = 


z:  (£t)  — IV,) 
21 


(3.15) 


T'-.or  ‘-xpression  ( l.  14)  ar  .•■rn  *s  t he  form 


_ _ )/rK  + <>£  (-V,)  - r - )/  rK  - <»£  o,)  - T 

Vn  — i,  ‘ £(*,)  — £(x,) 


(3-16) 
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r i i.V.i.  The  tem  {.>■-* rat  nre  d 'ptitJonccs  of  p yroe loctric  coe  f i ic  it- r. t 
{■  >i  ;ccim  en/sampl  “3  TGS  with  t iie  iir;»  ifnt  el.-c*  rodes:  a)  -*lectrod 
In  - Au  (1);  Bi  ar , m (2);  Ay  - A j (3);  L)  elec*  rod  ?s  In  - 3i  (1  - 
rrinary  i.eating:  2 - secondary)  . 

Key:  (1).  k/cm?»deg. 


^a 


o o 


01. 


Alt  hon  sh  n potential  ditrerenc  is 
ir.  ferroelectric  ic  nonhomepr.  enue 
‘errophus'  to  j ai  a phase  aior<  v.  ache 
contac*:',  with  the  large  Ji{(«-cnc» 
ferroelectric  are  or.  atei  * h>:  s u f r 
an  increas:  in  the  coefficient  of 


eguai  to  /.etc,  electric  intensit 
; t h e re  f c r e transition  from 
i ii«  ny.  Curing  the  utilization  of 
c£  * i’  work  functions  in 

icir-ntiy  nigh  fields,  which  lead  * 
un  ip  clarity  6y. 


‘pho  experiment  ii  studies  or  the  effect  of  the  material  or 
electrode  on  the  p y roelectr  ic  ■ : fee*  i r.  d other  electrical  proper tie. 
>VI''  carried  out  on  the  lan-oilai  ci.yst.ais  or  TGS  an  i Ba7i03  [2,  4, 

' f / 7 ’ , '-0,  89  j.  The  observed  effects  of  cent  col  of  the  uhysical 

y r opr  * i • s ire  caused  both  o f f ec*  of  electrodes  and  by  surface 
condition  with  the  deposition  of  electrodes  f75,  35,  37,  88 7. 
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The  a up  lif  ica  t i in  cf  ur,  ip clarity  and  p y roc  lect  r ic  effect  in  tn-* 
i n-i  lo  crystals;  of  l>is  with  the  Jo  po.i  t ion  cf  different  electrodes 
.a:  observed  in  wot  is.  [ 4 ].  Tie  ; Idtt  oi  TGS  were  cut  out 
;e>:  'r  iin  Jar  to  pol  ir  axis  »hcs-->  “hicknass  is  KO-200  v and  whose 
( a ir  '\-3  mai?.  Ar  nateLi'l  for  e-  ct  lo  d ts  nn?  utilized  iqueous 
-•  lu*i  on  or  lithium  chlorid.  Lie'l  {liquid  elect  rodeo)  , Ajuadag  C, 
ilv^t  A:  {vacuum  . v iporat  ier.  at  i chemical  precipitation),  indium  In 
(v  - : ar  vaporatior.  and  tuliii.q  ir  v,  it  ! r = 150°C)  , jol  i A u,  Bismuth 
1 l it  1 a i t i atony  r.b  (vacuuir  ►‘Vdpor.it  ior.)  , nickel  N Jt , copper  Cu 
(c'.-'t.  ical  precipitation).  i jure  3.15  depicts  t he  curves  of  the 
*“■  { ' ratine  lependtr.ee  or  nyio*-l  ectric  corf  lie  ient  yA,  obtained  by 
dynamic  method. 

* h*  • yro  ’cH’tr  i < 
c f c r y :*  a 1 , e l e or  roles  ~ 

fst  eci.il  1 y strongly  irov/rism  Y*  curing  tae  utilization  of 
electrodes  In  - Au  (see  !•' i . s.1:).  II*  appl  teat  i or./.ippend  ix  of  DC 
ri»  Id  I r 100  v/cin  before  n . asui  .ur.  r.ts  lid  not  change  the  value  of 
l yro  loctrict  signal.  One  at..i  t i ■ rim-  . iyr.ii  was  reduced  after  each 
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investigations  of  pyroelectric  effect  and  nonlinear 
t ro;  'rti-.s  of  crystals  i*aTiC3,  o:c  • i n-»  d from  the  method  of  Peaeyka. 
v'';“  r-:  ' 1'"'1  ont  i;:  -he  laboratory  of  2GU  fa]..  Crystals  took  th-  fen 
or  plate:  whose  tl.ioK.nfln  i,  Uu-MO  M .host  area  is  4-13  ***.  rn  a 
runl-r  oi  cases  war*  uriliz*-.;  t h-  iaole  crystals  13-100  p thicknes... 

■.  n . -udiea  - io  hysteresis  loops,  on  wnich  was  estimated  ♦ he 
sp)i-ai  ri.  polarization  Pc.  coercive  field  EK  and  ?ir  active 
!1'  Iil'  onstanr  FJlt>  (rife  Pm  and  E„,  - the  maximum  values  of 

polarization  at  i polled  el-ctric  field  respectively),  furthermore. 
fc  t udiod  tb<  dej  --n.dence  or  cevetsive  dielectric  constant  pp  [d] 
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r ■ : ’ 1 a i r>ni  a:.*  of  .ijuiu  electrodes  by  electron  er  A q , as  a 
•u:  ' Vi  I,nt  accompanied  I y surstartial  chanqes  in  the  properties  of 
ry  *•!  ..  Somewhat  they  jrow/r ose  value  /»,  naxiaum  f’j,:  in  this  cas 
‘f,‘  ' uni  polarity  was  exhibited  only  rn  weak  fields  with 
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••iatural  unipolarity  .;*op?  distinct  with  deposition  of  electron ma-i* 
In*  C,  Sb , :•/,  A u.  The  utilization  of  these  materials  leads  to  i 
reduct,  ion  in  the  squareness  or  h ysterer  is  loop  an  1 decrease  Pc. 

■ ■ ve : s i ve  charactar ist ies  i < co  n isy  metric  (esp  >ci  illy  in  the  cast 

ot  the  indium  olectnlos,  obtained  i:y  tubbing  in).  Tabl  > 3.4 


illustrates  th«*  effect,  of 

t .u- 

material  c r 

e 1 r>  c t. 

roles  on  ♦ 

h f» 

v.ilut  or 

.pent  ir.eour  polarization 
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o L t a i n i 

lurii  ; t ; e utilizat ion  o f 

* hi: 

at  cr  ia  1 ) . 

Or  a 

series  or 

t he 

most 

ideal  crvst  i Is  chemically  pur*  8aT,iC)3  with  silver  electrodes  note 
r v • - 1 • values  Pc,  • xceeding  valut  >fi  pk/cs*.  The  values  of 
remanent/residual  polarization  poct  it  * obtained  by  the  integration 
of  curves  Yc- 
Table  1.4. 
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Key;  1 7 ) « v i *■  «r  i u 1 of  electrotit  ar.u  the  net  nod  ci  its  deposition. 
(2).  ijk/cm*.,  (l).  pk/cm-’^de  ].  (4).  Liiuii  electrodes  (liCl).  (5).. 

Silver  (chemical  precipitation).  ((>).  Silver  (vacuum  evaporation). 


(7).  Nickel  (chemical  precioi*  at  ion)  . ( 6 ) Antimony  (vacuum 

ovipornt  ion)  . (9).  Indium  (rubbing  in).  (Id).  Indium  (vacuum 
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ca  jseii  by  imrl  icat  ion  in  * 1..  moc.-j..  or  *■  :i-  ivfa  ir  irat  ion  oi  basic 

.ir*-  > * !i  c .Inara  int.;  c)  t h • s r ■ i : ; i an  or  ; ol  il  i j at  i on  . From 

Pi  *-  1-  1 7 it  folio*  t n it  . ; ; i ) • i • i o w . . r j cr  aloctrortes  LiCl, 
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i *.  cl  racter  istic  feature  ■ : • * aakeni >f  nonlinear  properties, 

invest  i -jation  logical  ly  of  u r;  i j <*  la  r c;t  ysr  iis  (without  preliminary 

fol.u  i:.i‘ion)  show  *-.i  tn.it  is  mes*  pi  one  juce-:  tic  pyroelectric  effect 
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cf  3pecimen/sampl3s  with  electrode.;  In  an  i Ki- 
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It.  work  [21  w«-r  ->  investigate;5.  ♦ hf  vo  1T -a  m f er  es  characteristic  oi 
i-  il*  crystals  Ba  TiOa  wi*  . .'it  r electrodes,  at  temperatures  of 
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200-500 *C  (Fig.  3.18).  The  character  of  these  curves  indicates  the 
presence  of  rectifying  contact  as  one  of  the  reasons  for  unipolarity. 


Fig.  3-17.  Curves  of  Dolarization  of  BaTiO^  monocrystals  with 
electrodes:  1-  Ag  (chemical  precipitation);  2- 

LiCl;  3-  Sb  (sublimation);  *t-  In  (rubbing  in); 

5-  Ni  (sublimation) 

Fig.  3.18.  Volt-ampere  characteristics  of  monocrystals  with 
electrodes : 

« - Cu  - A*  <r  - JIO*  C);  # - NJ  - A*  (T  - 27S*  C);  » - Sb  - A« 

(f  - 260*  C). 

Thus,  experimental  data  indicate  the  effect  of  the  control 
of  physical  properties  of  thin-layered  ferroelectrics  using  elec- 
trodes having  different  work  functions.  Experimental  curves  can 
be  qualitatively  explained  on  the  basis  of  a theoretical  examina- 
tion. From  Fig.  3.15  It  can  be  seen  that  in  the  case  of  ferro- 
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electrics  with  different  electrodes  (In-Au)  the  value  of  the  maximum 
of  the  pyroelectric  coefficient  is  considerably  higher  than  in  the 
case  of  identical  electrodes  (Ag-Ag)  and  the  spreading  is  less. 

The  latter  is  qualitatively  determined  by  formula  (3.16). 

The  use  of  electrodes  with  different  work  functions  to  create 
sensitive  elements  of  pyroelectric  receivers  can  be  recommended  to 
increase  the  sensitivity  and  stability  of  their  parameters. 


Page  104. 


BIBLIOGRAPHY 


I.  Bopoaim  B 3.,  Bapfiepona  Jl.  ,M  , Pax  C I . K p a m a 
p o b O ri  . K p c M e h <i  y r c k h ii  Jl  C.,  At  a a b 11  o n A <!>.,  C a m o ft 

.1  o b B Ii.,  Ill  o .loxo  b ii  'I  M.  Jl  — IIib.  All  CCCP,  rep  1(1113. , 1947,  31,  1818 

J li  0 p o ,1  11  11  U.  3 .,  T a x C.  I'  , K p a M a p o b O.  11.,  K p e m e 11  ’i  y r 

c k 11  ii  Jl  C.  V <!■'•'«,  |%9.  14,  2,  179. 

3 B o p o ,1  11  11  13  3 . K p a m a p o b O.  PI  , KpaBuoBaC  IT,  T y 

p 11  k A B .,  11  11  bum  B A , /lopouieiiKO  B A — Han.  All  C'CCP,  eep 

ijiu.,  1949.  33,  7.  1101 

4 l>  o p o 3 11  11  B 3.,  r a x C.  P.,  7 p a m a p o 11  O II.,  KpenieiiMyr 

c k 11  ft  Jl  C , Jl  11  11  a 11  c k a h Jl.  IT,  M a .1  b 11  e b A.  <t»  — S.ieKrpoiiiiaa  tpx 

11 11  k a (vaTepiia.lu).  1907,  eep  14,  8.  8,  141. 

5 B o p 03  11  11  B 3 — Mm  All  CCCP,  cep  (fun  , 19(35,  29,  1986 

(|  r a b P II  ,i  o 11  a II  Jl  , II  n r 11  k B K , K o 11  mi  k B A.—  KpiirTaa- 

-iorpa<}iim,  1908,  13,  6,  1088. 

7.  P a b p 11 .1  o 11  ,1  II  Jl  — Kpiirra.i.iorpa((iiiit,  1965.  10,  I,  114. 

8 F a b p 11  ,i  o 11 .1  II  Jl  — Kpni  Ta.i.iorpafjiiiii,  1905,  10.  1,  346 

9 I'aiipii.iona  II  , II  o b 11  k B K-.  K 0 11  11  11  k B \ . 1 1 n a 11  o • 
bjC,  B.—  Hiii  All  CCCP,  eep.  1)1113.,  1909,  33,  2,  .300. 

10.  T a a 3 k 11  it  B.  B.,  >K  e .1  y a c ii  H.  C , C 11  3 e 11  k o E.  B Mm 
AH  CCCP.  eep  ijuu.,  1909,  23,  2,  300 

11  T .1  a ,|  k a ft  B.  B , )K  c ,i  y ,u  b 11.  C — Kpiicra.i/iorpaibiiir,  1907,  12, 
5,  905. 

12  I ,i  a 3 k 11  ft  B B.,  >K  e .i  v n e 11  II.  C. — KpHCTa.’i.iorpaibim,  1905,  10, 
1,03. 

1.3,  I'  p 11  r a c B H — 4>TT,  1907,  9,  8,  2130;  19(37,  9,  10.  2998 

14.  T a b p a .1  o n .1  H ,7.,  H o b 11  k B K — BeormiK  Mry,  cep  III,  1907, 
4,  12!  . 


15  r a b p 11 .1  « 1 e 11  k 0 B P,  Jl  y 1 k e b 11  m B.  IT,  4>  e c e 11  k o E.  T., 

Jl  a ft  Kona  A.  IO.,  II  oc  r p 11  r a n o n E H — Kpiirra.nmpaibHa,  1908,  13, 

I.  175. 

10.  r y p o P A1  , II  11  ,1  11  M 11  k II  H.,  K o b t o 11  m k II 
7.  1955. 

17.  I' h 1(1  e ft  e M a 11  III  II  — 4>TT,  1909,  11,8  , 2097 

18  }\  a 11  11  .1  1,  m y k E.  C , II  iikoicr  11  ft  ,'l  \ 

Jl.  C - V<1»k:  1969.  14,  0,  975 
Jl  a 11  11  a 1.  m v k T.  C.,  K p e m e 11  m y r c k 11  ft 

•t>  - II in.  AH  CCCP,  cep.  ijiin.,  |%7,  31,  II,  1754 

20.  A a 11  h a b m y k P.  C.,  K p e m e m m y r e k ii  ft  Jl.  C.—  B km.:  Hoowe 

ribcBo-  11  eenicroM.iTepiia.iw  11  iix  npiiweiiemte.  Hi.i  bo  Poto  MAHTII,  ,'l  , 19(39 

21.  E p e m e e b ,M  A.,  K y p m a t o b H B — HO T«l>,  1932,  2,  5.  329 

22.  IK  e ji  y a " b H C , flpocxy  iihh  M.  A.,  IO  p ii  ii  B.  A , B e p 6 e p • 

k 11  11  A.  C—  AAH  CCCP,  1955,  103,  207. 


II 


C K 


: 11  ii 
19 

11  e b A 


4>  — 4>TT,  1909, 

K p e m e 11  m y r - 
A C . M a ,i  1.  - 


DOC  = 7 70  70K4t> 


P A 7 E 


.1'  ,*  '•  V 1 < 11  *1  I . Kip  II  II  B v-  I!,|I  Ml  t f ,(p 
,,  | "J  7K  c .1  y ,i  c n II  , I a a a k n ii  B.  B. — KpiKi...t.iorpai|  :.i,  1 1, 

IO  ' “Tr-  ne.Pyu,KcB,m  I)  < 

♦TTfi%7.y9.,:-|M9|«.  " " • Coj,t'BbOB  C ”•  B t p **  •*  *i  * a * T.  II 
All  GCCI\  tp "w.  si  2.  W»°  B b *'  ” r-  " • ’ 3 K ' •' K 11 " » »-  ««» 

ii  e if1 a V ...  -u*B  s.  V.3.  i mK  p e * ;1  c ■ M * 1 - • 

l9fi.522<l.Kn,'V"i’'*  K B A • 1 3 " p " •"  ° " «p  • . 
r ’■  Jf,:1  a A K «“  # « 'I  M.  1.  K P o m c II  <1  y r I-  K It  .1  C.  — V40K  1'iti'i 

• « , i),  n|f). 

31.  K p a c H K o n a \ i].,  P ;iBpii.i  « i,  a II  [ H ,,  n pi  k II  K 

K o ii  u ii  k B.  A. — Biytiiiik  AW  ,N  . 1908  4,  1 1 1 
„ Kp  c m e IP  .pyre  k ii  ii  71.  C . At  a a <p  , C a ,,  „ „ . 

KHII  K b TiiliO  *65  3',0KTpl|,|C0KHe  " OMnl'l(VK|i‘'  > H"ii,  !£..!  tiia.ichTtiHKuu  I!  .1 

4.»a;,)-Iw’P.2T,lkr<'K,,ii/l-  CaM""  h-raaPM,..,- 

o opr*  K p c M e pi  m y i c ip  ii  ii  .1.  C,  C a m o ii  a o i<  B Li  — N >|  -K.  I OfAH.  I 1, 

tlJ. 

*5.  K " ii  c t a pi  r ii  ii  <1  ii  a B.  fJ  , C u a i.  b v ,•  v p » b a Ii  M \ a e - 

K a ii  jpoB  K.  C.—  Kpn,  raiaorpaijuipp,  195;).  4.  125 

2 2^29)  ° 11  c T a 11  T 11  11  ° B a B II  . IO  p ii  ii  Ii  \ KpiicTaa.'ini paipwi,  1957, 

am  riv-rj  y P \£  At  Ss  B » -n  b f » .»  P H . II  i n rt  r p,  c n a 11.  B.  Ihp 
AH  a CP,  cep  pjpiia. , 1900,  24.  ||,  1,370. 

28  T 7-r, ' ' 1‘  1,1  “ “ 3 B V>  P,jH'  C—  »•««  A"  CCi.P.  ap  4,113..  I9i,l. 
59.  1 1 (i  pi  ic  k B.  K KpiicTaJMnrpaifmft,  1905,  |(p,  |,  115. 

1°'  n “ K.°  B 1 B.,  C t a p o a y 6 u c 11  C.  B ilm  AH  oorp 

cop.  (fun.,  1907.  31,  II,  1753.  ' 

io,..4,„  ",  r,°  c p r M 1,111  ;l  " « P»3  II.  I'  a r,  „ „ o „ pp  ,,  A.  j . ,p  | T, 

1967,  9,  12,  11)1.1  ’ 

1964  * 9 6 °87«  " 10  K " A"  n " A 3 m p a f»  a o I!  C Kpn  laaaoi p.njuia. 

2,  *’ 11  " K 11  B 11  ‘)  V c M.  A1  11  k a a k e 11  11  a «>  <PTT,  1907,  »,  10, 

III  11  I1  " " i Ij  r pr  'I  r,  . I>  a 0 II  II  (1  I)  It  ,|  \ . I’  11  r c p \i  a 11  ,'[  I 

11  a 11  II  p 1 II  , r o m a III  11  .1  I,  , K II  ii  !<  1 M . B 11  11  ,•  11  11  , « !<)  II  — 

llcopr  imi’ip.  Kiit'  m iTcpiia.11.1.  |<)(i9,  5,  |,  | ,sn 

4.)  i . o .1  K>  k l>  H Kpiiv  1 .i.i.ii.i jt.i'|ui5i,  l,,<)>  f ;j.  i t; 

mi  ,'rru  " 1 ° T '■ ''  K >’  •»  1.  m 11  .1  II  It.  X a •>  c ..  k ,>  B A II 

AH  LCCP,  ,rp  (fun.,  1907,  31,  II.  1757. 

I9604  5 C|  " M7  C T P ° " 3 " 11  ' Kpn  raaamp.<‘|imi, 

18  III  a n 11  p o A.  H <l>  ,•  a y a « n (.  A . B t-  n , 1,  11  , b IO  II  — Heopra- 
mmecKiio  MaTcpiiaaw,  1907,  3,  I,  208 

19  III  <1  ji  n x or  it  a M 71.,  IJ  c p 0 c p o b a 71.  M.  B o p c a 11  h B C, 

9 T I V ” " U e n a P 1 ~ I' All  CCCP,  cep  [fun  , 191,5,  29,  0.  |005.  1950.  20, 

II  20M  4flCHeP  " H ",n  AM  CCC<’-  «'p.  !{,|"..  1957.  21,  14;  1905,  29, 

■ W IO  p h 11  B A K|)iicraaaorpaij>ii)i,  1950,  1,  9,  rtl 

52  K)  p 11  II  Ii  A , >K  c .lyatBlI  C - Kp'n  t.).i.i,i  |.  4>hu,  1559,  4,  2.  25:1. 


DC'C 


7707  084b 


PA  • E 


51  IO  p ii  ii  FI  A — It  in.  All  CCCP,  cep  <(>in.,  1900,  24,  II,  1329 

51  IO  p n ii  B A , l>  <i  C e p k n n A.  C , K o p ii  ii  ji  e H K o 3.  H.t  T a b- 

p n i o o j II  D - II io.  All  CCCP,  cep.  <Jmix,  I960,  24,  1334. 

55  IO  p ii  ii  R A.,  )K  e ji  y i e b 11.  C. — Hub  All  CCCP,  cep.  ij>ii3.,  1964, 
28,  t,  726. 

SO  K)  p h n B Han.  AH  CCCP,  cep  1)111:1.,  1965,  29,  II.  2000 

57  H)  p 11  11  B A — Hjb.  All  CCCP,  cep  1)113.,  1957,  21,  329. 

5S  III  y 11  a a 1 n 71  A.,  PyjnK  B.  M , Kou.krobi  II.  C.,  K ai  i- 
nil.  Ii  - It  111  All  CCCP.  cep.  41113.,  1967,  29,  II,  2007. 

59  A h e R — J Appl  Phys.,  Japan,  1965,  4,  II,  906. 

60  H r a n il  w o 0 d,  II  u p n e s O II.,  Hurd  J D.,  T r e d - 

unit!  R II  — Proc.  Pliys.  Soc.,  1962,  79,  1161. 

61  BerlincourtD  A.,  J a f f c H.,  S h i o 2 a w a L.  R. — Pliys  Rev., 
1903.  129,  t,  1009 

62  Berlineourt  D.  A.,  Cook  W.  R.,  Dander  M E. — Acta 

Crysf  . I'M.  16,  163. 

63  Bury  P C.,  McLaren  A.  C.—  Phys.  Stat  Sol.,  I960,  31,  2,  799. 

64  C h v n o »■  e t ii  A G. — Acta  Cryst  , 1957,  10,  51 1 

65  Chy  nowet  la  A.  G — Plivs.  Rev.,  I960,  117,  5,  1235;  1959,  113,  I,  159. 

66  Chanoussot  G.  Qodelroy  G.—  C.  r Ac.  Sc.,  1968,  266,  12, 

B793 

67.  Took  W.  R.,  Berlineourt  D.  A.,  Schoh  T.  J .—  J Appl. 
Phys.  1963,  34,  5.  1.392. 

68  Glower  D D,  Hester  D.  L. — J.  Appl  Phys.,  1965,  36,  2175. 

69  Gross  B— J.  Appl.  Phys,  1965,  36,  1635 

70  G u y C.,  Lucian  G. — C r.  Ac  Sc.,  1967,  265,  21,  1189. 

71.  G l a s s A . M — Plus  Rev.,  1968,  172,  2,  564. 

72  Hilrzcr  B - Pliys.  Stat  Sol.,  1962,  2.  4,  447. 

73  I w a s a k j IL,  U c h i d a N.—  J.  Appl  Phys.,  1967,  6,  11,  1336 

74  J i in  e n e z B.,  Mend  iol  a J .Maurer  E — Phys.  Stat  Sol  , 1967, 
19,  2,  805 

75  J anovec  V.,  B r e z i n a B.,  G I a 11  c A.  —Czech.  J.  Phys.,  1960,  10, 
9,  690 

76  K r a j e \v  s k i T.—  Acta  Phys.  Polon.,  I960,  30,  6,  1015. 

77.  L ti  i z A.  M — J.  Appl  Pliys.,  Japan,  1968,  8,  50 

78  M i n k 11  s W I Phys,  Rev  , 1965,  138,  A,  1277. 

79.  M 11  r a k a 111  I — J Phys.  Soc  , Japan,  1967,  23,  457;  1968,  24,  2 , 282. 

80.  Nor  I h r i p J. — J.  Appl  Phys  , 1960,  31,  229,’,. 

81.  Rogers  F.  T. — J.  Appl.  Phys.,  1956,  27,  9,  1066. 

82.  Rewajl  - Acta  Plus.  Polon  . 1961,  26,  6,  (12),  1093. 

83  Rice  R R , 1 a > il  J.  Appl.  Pliys  . 1969,  40,  2,  909 

81  S a I)  11  r 1 O. — J Pins  Soc.,  Japan,  1959,  14,  1159. 

85  S a v age  A..  M i I I e r R C. — - J.  Appl.  Phys  , 1959,  30,  1 1,  1646. 

80.  Savage  A — J Appl.  Phys.,  1966,  37,  8,  307 i 

87.  T a k a g i M , S 11  7.  u k i S..  T a n a k a K- — J Phys.  Soc.,  Japan,  1967. 


23,  1. 

134. 

88. 

T 0 y a d a 

11. 

, 1 t a k 

ura  U. — J.  Plivs.  Soc.,  Japan,  1962, 

17, 

924. 

89. 

Vemuri 

V 

~ 1 lid.  .1 

. Pure  Appl.  Phys. 

, 1967,  5,  10,  484 

90 

W e 1 k H , 

, S 

c h n e i 

d e r J. — Phys. 

Let  (Netlierland).  I960, 

19, 

8.  619. 

91. 

Wen  1 z J 

. L 

, Ken 

n e d y L.  Z. — J . 

Appl.  Phys.,  1964  , 36, 

*>, 

1767, 

92 

Glass  A 

M 

— Appl 

Phys.  Lett.,  1968, 

13,  4.  147. 

93. 

M i n k u s 

w 

J.—  Phys.  Rev.,  1963,  129 

, 3,  1009. 

Fa  «j6  107. 

r'- • firs-.  theory  n pyioc  loc-tric  i .idiation  ijt«ctoc3  ms 
propos'd  by  Cooper  [9].  Th-  uii'  . 'f  x.i'  i n p u receiver  as  lumped  system 
«*">■  Jdv-  tie  equivalent  c it  > 1 e ircuit  cf  its  substitution. 


lyr.amic  theory  ot  j yi  r -loct;ic  receiver  in  i-s  exair  mat  ior. 
ar  d istt  ibut  ed  systems  is  oescrile  !.  in  oikr  [1-1,  7].  To  the 

- b *'  or  t * ica  1 qu*  st  i ons  or  - < w r ; t of  ivroelcctric  receiver  is  also 
le  Heat -7  i series  of  rut  lic?ti  -rs  [ t>f  , 1C]. 


fl.  Calcul  atioi.  pyroelectric  iccciver  as  luiped  systems. 

Equivalent  i places  nt  sc he me  of  pyroelectric  radiation  letector.  Let 
us  examine  pyroactxve  crystal  {pi;.  4.1)  in  the  foil  of 
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10  - ; i : >i  1 1 »1  plat.'  with  an  area  of  An  ami  by  thickness  d. 

v r 1 y let  us  assume  teat  *i.-  - carper  nurt  in  crys*al  aoes  no 

r “ OI  coord  iria  t - and  u only  function  or  tiire. 
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i a 1 form  can  be  wri*t.;i: 
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D = L + ‘\nP.  (4.1) 
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* c measuring  circuit 
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I.rt  us  designate 
po  1 i r i ra  * i or.  in  crystal 
c f oryr*.il , /a  ■ - * h • a 

jx  rr  ' s si  c'n  (4.6)  a r - ->r  (iivi.  ini  inf)  v.-iln-  »i  will  take  t iie  f nllr»vi  r 
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7 y i 'it  t j n»p  to  us-*  equations  (4„J0)  - (4.32),  let  us  construct  the 
rreguer.cv  dependence  of  volt-watt  st  ns  iti  v i ty  at  four  values  of 
) d r a T e t e l d0. 
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parameters,  it  is  possible  to  r ate/est iroate  its  c 

D‘‘*»r  - inat  ion  of  th*  nririvity  cr  pytoelec 
us  ->»ani!:P  the  pyroelectric  :->c*  iv-n,  tensing  1g 
consist  s of  pyroactive  crystal  2,  covered  f tom  th 
wi*i.  absorbing  layer  (black)  1,  a:.d  basis/) use  3, 
fast  cne  .1  1 1 ■-*  crystal  (“ij..  4.4).  T • polarization 
is  e!  i r v c - •■>  1 ilor.g  y rxis,  per  • n.  li  cular  to  the  ir 

During  irradiation  ot  cr yr - al  by  radiation  f 
in  trie  arbitrary  point  cf  th.  crystal 

T(y,  l)  — T0  + B (y,  t), 


w h e r o 

rr 

0 

is 

tein  per  a *•  nr 

e of  cry 

r a ] to 

i rr  a i a t ion 

t e p>pc 

Crlt 

ii  r e 

inn  oment 

Iul ing  1 

riadiati 

on. 

Let 

t ho 

operating 

tempi  ra 

t ur>:  c:t 

t l y s t a 1 T„ 

close 

t o 

c u r 

Le  point 

rK  urK- 

T„)  - (1- 

r)  °U. 

graph  theory  did  rot 
lect  r ic  receiver, 
t.h  listrihuted 
ut-off  f r eaue i:cie s. 

trie  receiver.  Le- 
nc-nt  or  which 
e irradiated  side 
t c which  is 
vector  of  crystal 
radiated  surface. 

lux  the  temperature 

(4.42) 

: e (y,  t)  - 

to  irradiation  be 


coc 


7 "?  o B 0 8 4 o 


\G  E >*r 


I** 


; i i,  4.4.  c’i  rcuit  o : sensing  «•]<  ae;.*  oi  •■he  pyroelectric  receiver;  ' 
- rl ick;  2 - pyroactive  crystal;  t - basis/Lasc. 

Fa  ge  115„ 
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ten-jo  rat  ure  inerpment,  and  the  ;,ocoi.  1 - for  a var 


F 1 1 :*>  „ 


It  one  assume;.  rhat  t j. ^ rri.se  ion/rad  iat  ici.  is 
volute  oi  black  (this  o ju  l vu  ] ■ ■ i,  - a Q)  , 

■ ’ cat  nr  f dis  + ri  but  i or.  in  py roac* ive  crystal  [J- 


-1;  W.(l the 

h t or  ir  the  form 
(4.57) 

cant  component  of 
ial le. 


a osorl e d evenly  bv 
will  obtain  the 


7 '■'  < ',H4t 


P A ; r. 


Ct'.v.  = 


e2 (y,  t)  = e‘K' 111,1 : (,i  — •l/)  (/  — <01  + *-  u~d) i 

(*.  (U’t  4 4f ,oc7'>M)  + |.|eiocrJ*W  + + 

-I-  '4  {1e,acT^lcl  + htbl)\  (1  - </>) 

e,r„W  ch  n (d  — y)  ( tli  it  (d  — y)  [,,  4.  Hht  tli  \|>  (/  - d)\  4 

4.  _ 7/ij  III  i|'  (l  — d)  \ ei,nl 

eh  r\fi  ( 1 1|  -r  ///i,  tli  )(/  — d)  //i[  (h  i|i  (/  — d)  III  iyij  4.  > (^.58) 

-H‘|e,ac7>/  4-  <<oc0)  | tli  1 yd  (rj  4 ///i2  III  \|>  (/  - rf)  4 //,,  ||,  _ rf)j) 


1 = (I  -I-  0 I wc,/2*f;  iji  =.  (1  + I-)  Vo>Ci/2/i,;  = X 


ok:,, 


the-  1 (Ur  1 1 h of 


toirj  e«rat  ui  wave  *.  //  «=  (A^,//c3cs)0'5;  c0  - - he  hf  at  capacity  of  a]  *ck. 


Firs*  ♦■•arm  in  • xpr- ;>.ii  cr  (4„r»  j)  a- tt -r.n  ine  i time-con.st.irt:,  1 m2 
th<  . *•■•<  r i - t;-u  v 1 *4  component  oJ  the  increment  ol  temperature, 

Clt.iinri  expression  (4.rii)  i..  complex  ami  :cr  <1  series  of  special 

cares  car.  2'-1  simplified. 
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r a ■ ) f 


nriis  icr:/n  iiat  i.»n  , «h  is:  i wo: 


rh.  in  vacuum,  and  then,  by  utilizing 


eg  unr  i sir. 

( 4-  S2)  , to 

GO  t. 

1 in  • 

c : r-siti  on 

f cr  a 

vol t- wat  t 

sens  it iv it  y. 

Th* 

0 b t a 

in  <•  1 e x pres . 

' i 0 n 

. u : 

f i c i s_-  n - 1 y 

c u tr  b e r 

£ 0 tr  *:  1 y a r.  3 

therefore  ir 

rot 

) i v e 

n.  However  , 

: or 

t h *=» 

pr  tic  u : t 

1 1 y i in 

for  taut  ca 

ses,  when 

(£o/?bC(D»  1;  C(71»C„, 
i*  | 4eiac'r0W  + ia>c0/k2bir\  | <£  1, 


r.  v.  :.o  yt  sinoy  [1]  obtained  . x i r - .-r  i cr  Lot  t !i»  vclr-witt  s*»nsitivi 


o 4«e,v  (7'„)  / /i,  -j-  n th  tyl  — /i,  sell  i)d 

“ iwcjile  (T0)  y /i,  -j-  r,  tli  ryi  i Di  1 °a j 


+ b»  + fl.iu-r.  -r,)t 

(4.60) 


*,IT,  i !h  »1*7  ('l1  + r/d  — + dh\i?\ 

8 (rK  — Tt)  °cr  o (*»  + *i)  + n’  th  ¥> 


II,  rr 

r.-* 


‘M/  k — / o) 


Hi  r)d  (i|-  4-  /i|)  •;  2/i,  tli*  i)d  | iy/  (i)1  — h|)  sell1  ijd 

(/ij  , uTii  i|i/); 


<°C7  0 (Fl 


e,«7„ . 

+ Pa)  t^K  — T0) 


Pi't  i.p  C|  Hi  i)d  -|-  k;  — ft, j scluyi) 
(fK  — 7',,)  dr, i in  (i|  Hi  ijd  -J-  d-) 


"a qe  114. 

lit  coefficients  n,  , B,,  ti,  and  tl?  caused  l y teorperature  dopondenc 
cl  pyroelectric  coefficient  7 ai  d oi  dielectric  constant, 
characterize  the  n on  1 i n*  a r i ty  01  vacuuir  pyroelectric  recc'i  ver.  Thi 
nonlinearity  the  gi-ater,  *1*  nearer  tc  critical  temperature  is 
felectiii  th0  operating  point  o f receiver. 
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L‘ * as  exaain < the  cas  , when  pyroelectric  cr]  • 

■'*  ° • i ' ■ •'!<t  si -^/ha it*3  vhooe  r h i c/. n • is  nntcr.  ji  t 

cf  tenjerature  wave  (l  - d)  »X,.  1!  «r,  i.sutnii.o  uat 

—A 

4eittc7^  [d  + kt  (l — d)lk3 1 a i (-)f  ,oc7’1)6/  -f-  io)C0)  lkl  junior, 

obtain  fion  equation  (4„ri2) 


al  i.i  counted  <> 
that  r W lonq  t n 

he  - /,,» 

(■■>  . - A ) , w.»  w j J J 


V (7"o) 


s = 


1 4-  II  til  l(li  — sell  l)d 


tli  t)d  II 


f -vi  (V)  + Nt  i'l) 


c,ci  (I  4-  iiaRu  1CBX  C (T0)/l  — AI,  (e)  — At,  (ejj] 


(4  6 


w h ■ r •• 


<Vi(Y)  = 


*4 


2 ( I K I o)  ^2 


fc,  (/  — d)  tli  ijd  j //  + tli  — — j 
V (1  II  til  l|d) 


/ lid  \ 

til  r,d  ^ i -j-  //  111  — — j 
lid  ( i II  tli  i) d) 


*i(Y)  = 


(e,UV  (Hi  rjd  — di)  soli"  t)d  4-  //•’  (tli  i)d  4-  dr|scli’  i)d  4- 

4-  2H  (I  — scli3i|di;j  


AJ,  (e) 


4 (7'k  — 7'0)  A’.jij  ( 1 4-  //  tli  i|dj' 

rtvrn  iM  - 2/>,(c-d))  . 
2*,*1  (7'k  - r0) 

,,d 


A/2  (E)  = 


I -y-j  111  1 


(7'k  — 7’o)  in)C2d  (I  4-7/  tli  iyi)  * 


COC  = 7 /06084b 


Co-  l r icier,  r.s  '!  t (y),  N?  (y),  Mj  (e)  and  (e)  chanctenzt’  in 
miuvayp  i r.  »he  pyroelectric  current  m i capacity  cf  crystal  due  to 
temperature  dependence  y and  e near  Curie  point.  Numerical 
• s t i-ia  r i o:i  tor  the  receiver , prepared  from  the  single  crystal  of  TG 
i0*?  cm.  thickness  tnd  st  ren  it  lie  nod  * o coptir  tasis/Lis*>  by  thickne 
1:1  M cr- * it.  showed  t hat  ‘oi  juK.  (4.M)  was  valid  during  the 
assigned  Simplification.*,  in  tht  rangy  ct  f r * jue  rcies  0. 04- 2000  0 Hz. 


Fa  go  120. 

Tri  t hi:  case  for  X 0 < 1 j*1  ./cr’  o.  vain  > ’J , (>) , (y),  »,  (t)  an 

? (*)  011  veral  or  i-»rr  ui  1 ti.  in  unity.  Therefore  in  t he 

irn  luercv  ’ a r.d 


y(T)t  R I 1 H-  'I  H'  r,4  - ?d'  Vft 

s = ' ° >R"  i iii  'W  - H 

c2d  (I  + Ki)/v“,i  |C„X  C„  (7')|) 


iron  e j uat  ion  (4.  ft  2)  for  a iif.ucu.cy  r<  jion  20-/10  00  Hz  at  the  long* 
rf  t !!);.«  nature  wiv  in  crvs'ul  « d M > 1)  u.  win  ootain 


• = 77CdCd4(. 


5X  <d  Y (T„) 

’ c,d  (1  +ia>/?„iCllx-rC(r0)jl 


(4.63) 


th  r)d  -*■  1 , a sell  t)d  -*•  0.  r’  il  ' n t La-lev  moil  u la  t ion  tr^.juercio 

i—)  a*  t.-.p  length  oi  t f-.unt'rat  urc  w,iv.;  X2  > d (\]d  « 1)  ^ 

>-)  acquires  th^  follow:  n,j  form: 


5xt></  = 

1 1 - 0 V (7~o)  F,/?,,  )'  (■> 

) Ik-Xi  (1  -j-  i<o/?„  |C„  -f~  C (ffl)ll 

(4  64). 


°ry  low  .nodulat  ion  f rf<i  uoncios  (0)/?n  [Cnx  -f  C(ro)l«  I)  expression 


•J’-iatloi: 


( “ . 6 4) 


imrlif  led: 


i v = 770  0 34  b 


? A G E 


in 


C V Fl  Wil  ) ll>  , , rrs 

| = — p= (‘1  .OO) 


\D]  r-w„*  * .-•.on  sit  i v i t.  y in  *. ..  ■ l • i e w-  i ; puency  : nvtrso]  y 

proportional  t .»  ^juato  roo-  >i  cyclic  n oi  u lat  icr  frequency  ir  I coo: 
not  ! € •:  o r i on  t h<»  thick  no?.-  cr  civ  til. 


Pyroe  1 -»ctric  receiv>  r.;  t i:  * 1 or  ; it  udrn  a 1 an  i cr  types.  Lo 
us  examine  in  more  l->tai  1 o£  ‘n  t rv.  cf  t yroc  loctric  receivers  - 
*■  h‘  I or-H  i t u i ina  1 ty  , vie.,  i : i a * ion  ilu  > is  parallel  or 
ant  iparal  1 **1  to  the  lirt-otion  or  t nunc  mjaui  polarization  ot 

- v s * r 1 , and  c r os s , it  whore  radiatioi  ’lux  is  perpendiculat  to  t h« 


* h‘  lorn  i t u ! 

inal  ty 

* vi 

ant  i ; aril  i of 

to  the 

iir  k-c 

cryo’a!,  a r.  ' 

cro  ;s. 

\x  * 

direct iot  cf 

Spent U 

n o ij  ^ 

I:  wot  is 

i n y f r e 

{ UC  lie:  V 

* h i c:k  n cits  of 

so  r.  ; i n 

J Jltui' 

tc.i  r e,mor  at 

ure  inc 

: jmoi;  t 

to  in  la  t • si  i i 

liant.  f 

J u x l o 

« i t i t 


o] Zjl~ 
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ny roo]ect  ric  i'i oivt  i.-:  i)  'he  1 c n i i t u i i r.i  1 *■  ype  ; b)  cross 


case  r )d  1 , tlirjd  is  close  to  unity 


K’ti.ir  (4.59)  takes  the  rollowir.y  torn: 


Tpssion  (4.6b)  i i'  corrtct  Tor  heth  types  of  pyroelectric 
1 r 1° tec  tor s.  But  r olationsh ip/rat ics  fci  pyroelectric 


are  different.  Pyroelectric  current 


which  appears  in  volu 


r-'c 


77080346 


PACE 


AfT 


element  5x  1,  or,'>  tnd  t!  sam-‘  ror  two  lcrais  of  receiver:?. 
However,  of  longitudinal  ty:>  j yro«  lectLic  receiver  the  currents, 
removed  f r >at  elementary  volumes  along  face  L,  are  connected  in 
F a ra  1 1 c 1 (combined),  and  for  crosr.  typt  receiver  the  currents, 
remove,  t ror  volume  elements  along  this  same  face,  are  connected  in 
series.  Alor.  ; lace  I the  currents;  or  voluire  elements  in  bo*h  cases 
store/add  up.  If  pyroelectric  receiver  works  far  irom  Curio  point 

f f)  In  ()  \ J‘AJ***'**C~'*<- 

, ~7c  _j-?—  <g[  1 ) ' ^ ror  t i.  ? volt- watt,  sensitivity  or  longitudinal  ty 

nvrojlt  ctric  receiver,  obtained  irom  formula  (4.f»2)  , takes  the  form 


•Slip  = 


•|>'l  A’n 


c2d  (1  -f-  io)C^R„)  I I -t-  ■ 


•ir.a.  r! 


+ “"to 
*»’) 


(4. 67) 


vhei  e c'0  —cjbl,  a Co  = C,n  C«r. 

The  experimental  studio;,  showed  that  u work  lower  tha*  t h - 
Cur  it  pot  r.  ♦ "he  nois-s  of  f err  oelectric  were  clcs*-  fo  ♦ he:  t J^t.r.oi 
rois“;?.  7h •■*n  expression  *oi  a threshold  o*  r > spcn.se  in  acc  u : 
with  p nation  (4.3  t ) can  be  written  thus; 


" non 


V 


4 AT  A/ 
/?.. 


(■1.70) 
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The  comparison  of  the  constructions  of  pyroelectric  detectors  of  the 
enission/radiat ion  of  the  longitudinal  and  cross  types  with  identical 
crystals  let  us  conduct  by  the  estimation  of  their  thresholds  of 
sensitivit  y. 

From  equations  (4.68)  and  (4.70)  it  fellows: 

9 


3>n 


np 


d 

b ' 


(4.71) 


Since  virtually  d <<  b,  the  threshold  of  response  of  longitudinal 
type  pyroelectric  receiver  is  always  better  than  cross  one. 

<</?„  « | 

The  volt-watt  receiver  sensitivity  of  longitudinal  type  when  A 
and  wCn7?H  <£  1,  is  higher  than  cross 

S. 


np 


(4  72) 


With  ioCoR„  1 and  <nCo/?H  > 1 we  will  ontair. 


(C 


ind 


')■ 


(4.73) 


DOC  = 77090846 


page  xz~y 


If  we  input  capacitance  c,,  is  considerably  less  than  the 
self-capac it ance  of  crystal  for  two  types  of  receivers,  then 


(4.74) 


Relationship/ratio  (4.74)  conversely  tc  relationship  (4.72).  This  is 
explained  themes  that  during  transition  from  the  longitudinal  type  of 
receiver  to  cross  under  the  conditions  pointed  out  above  a decrease 
in  the  pyroelectric?  current  is  proportional  to  ratio  d/b,  and  by  a 
decrease  in  capacity  d?/l*’.  Therefore  the  vclt-vatt  receiver 
sensitivity  of  cross  type  is  theoretically  higher  than  longitudinal 
one,  if  C„,  = 0,  u>C,,Kh  I and  » 1. 

With  utilized  in  real  cons  l act  j >*>c  sensing  elements  ^0-'  >00  j. 
thickness  the  capacity  ot  cross  type  . eive:  . i . i 

c-,x  (0,5-i-5) 

( 1 0"1- 10~3  pF)  in  comparison  with  the  c>  « ' it  j r * in  evice  ^ 

pP.  In  connection  with  this  relation sa.,/  »io  (4.73)  takes  the 

form 

•^np 
Spon 


li 

4n 


(4.75) 
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Is  concealed  by  form,  in  real  developments  the  receiver 
sensitivity  of  longitudinal  type  higher  than  cress  one.  Furthermore, 
technology  of  receivers  with  end  electrodes  is  lore  complex,  since 
transverse  before  blackening  it  is  necessary  to  the  irradiated 
crystal  boundary  to  apply  separating  dielectric  layer  [4], 

Page  123. 


In  this  case  grow/cises  specific  heat  capacity  cf  the  irradiated 
electrode  c0"  in  comparison  with  heat  capacity  c0 ' . H. never  as  it 
will  be  said  on  its  own  absorption  without  the  application/use  of  a 
black  are  less  inertia,  than  longitudinal  type  receivers. 


Analysis  of  the  basic  parameters  of  pyroelectric  receivers.  Let 
us  characterize  (see  Chapter  I,  §1)  the  inertness  of  pyroelectric 
detector  of  cut-off  frequency  f05,  at  which  its  threshold  of  response 
grow/rises  double  in  comparison  with  the  minimum  threshold  by  low 
frequencies.  From  equation  (4-68)  we  obtain 


| “"‘n 

*oT~ 


= 2. 


()  7n) 


Hence  under  condition  (»c0  > U,oc7'!  we  find  simple  expression  for 
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cut-off  frequency  f 0j5  : 

j g"/o.,  \0-’  ■ 

\ 7J~  I f°  ~ 1 (4  77) 

The  frequency  dependence  of  threshold  of  response  (and  also  the 

volt-watt  sensitivity  with  t,,CuR„  <£  1)  will  be  noticeably  exhibited,  when 

(4 1 o -j-  iuH'o^ 

the  complete  thermal  conductivity  of  the  irradiated  electrode  a 

becomes  comparable  with  the  complete  thermal  conductivity  of  part 
cf  the  crystal  A.g,  to  which  it  penetrates  thermal  wave. 


As  said  in  chapter  I,  §1,  heat  radiation  detectors  it  is 

accepted  to  characterize  by  time  constant  trp  | If  the  heat 

capacity  of  the  irradiated  electrode  is  decreased  down  to  the  heat 
capacity  of  gold  black,  so  that  c0  = 2.5»10-'5  J/(deg»cm?)  [5],  then 
the  computed  value  of  the  time  constant  of  receiver  t,  will  be  IQ"7 


The  analysis  of  the  threshold  of  response  cf  pyroelectric 
radiation  detector  of  formulas  (4„  68)  and  (4.70)  makes  it  possible  to 
draw  the  conclusion  that  for  a reduction  in  the  value  of  threshold  of 
response  it  is  necessary  to  select  pyrcactive  material  with  the 
minimum  value  of  ratio  c2/y,  to  prepare  sensing  elements  of  the 
minimum  thickness  d,  and  also  to  utilize  in  load  circuit  the  maximum 


values  of  resistance A„  If  the  equivalent  resistance  of  the  1 


osses 


of  pyroactive  crystal  f\k.  considerably  greater  load  resistance 


K (^kp  » /?„), 
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the  threshold  of  response  ot  pyroelectric  detector  does  not 
depend  on  modulation  frequency  into  sufficiently  wide  frequency  band. 


as  long  as 


*i°i:7u  r iu)f0 


< i (see  4.68)  and  the  noises  of  measuring 
device  less  than  noises  of  detector,  and  also  does  not  depend  on  the 
value  of  the  receiving  area/site  bl. 

Page  124. 

As  the  criterion  ot  the  quality  of  pyroactive  material  in  this 
case  serves  value 


,11  _ V '•'> 

-WwKr  ~ ~TT~ 


(1.78) 


Since  during  transition  to  thin  layers  pyroelectric  coefficient 
becomes  the  function  of  the  thickness  cf  crystal,  the  maximum  ot  the 

criterion  ot  quality  is  caused  by  the  maximum  of  ratio  y (d)/d. 

If  the  equivalent  resistance  of  losses  of  pyroactive  crystal 

becomes  lower  than  the  load  resistance  AH>  then  the  threshold  of 
response  of  receiver  will  express  by  the  formula,  similar  to 
relationship/ratio  (4.68),  in  which  value  is  replaced  by  value^ 

After  accepting  into  consideration,  that  /?„,,=  ((oC,p  tg  6)-1,  we  will 
obtain  (when  the  capacity  of  detector  is  described  by  formula  for  a 
parallel-plate  capacitor) 


l/  KT\/oirbl  ti;  fi  d c 1 

, , *ei°cTa  1 »(«cn 

1 J! 
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In  this  case  the  threshold  cf  response  cf  receiver  depends  on  the 
Modulation  frequency  u,  of  size/dimensions  of  the  receivinq  area  b%, 
of  dielectric  loss  angle  tg6  and  of  dielectric  constant  The  criterion 
of  the  quality  of  material  is  value 


Mu 


C..  (F  ttf  A) 


<-mi) 


Durinq  irradiation  of  pyroelectric  receiver  by  powerful 
radiation  fluxes  occurs  the  displacement  of  operating  point. 
Expression  for  the  average  constant  value  component  of  the 
temperature  increment  of  pyroelectric  detector  cn  solid  base  at 
sinusoidally  the  modulated  flow  according  tc  formula  (4.58)  takes  the 
form 


1 d 

pi*  " ~5"  d 
| *- 

h.  I 

~r  0 ~ d) 

*,  | 4p,o,  T'n  | h 

~~  | 

| rf> 
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For  the  vacuum  receiver 


a 


MP°|  l+Jf- 

4u< Tl,  (e,  -f-  k2) 


(4.82) 


Under  the  pulse  influence  on  crystal,  the  temperature  of  the 
irradiated  surface  is  bonded  with  radiation  flux  by  following 
relationship/ratio  [9]: 


W (i)  d\ 


C‘  (•!*,)  j'  (t  - T>' 


,0.5 


t 4 83) 


Ey  knowing  the  experimental  dependence  of  pyroelectric  coefficient  y 
and  of  dielectric  constant  £ on  temperature,  it  is  possible  to  find 
the  half-breadths  of  the  temperature  intervals,  in  which  a change  in 
the  parameters  does  not  exceed  «--5o/o. 


Page  125. 

After  determining  thus  value  H . it  is  possible  according  to 
equations  (4.81);  (4.8,3)  to  rate/estimate  the  value  of  the  maximum 

radiant  flux  U „ v,  at  which  the  disturtance/breakdown  of  linearity  it 
does  not  exceed  the  assigned  value. 
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The  amplitude  and  frequency  characteristics  of  the  volt-watt 
sensitivity  of  the  pyroelectric  receiver  S depend  on  the  value  of 
load  resistance  and  circuit  diagram.  It  connection  with  this  it  is 
presented  by  the  more  rational  introduction  of  another  conversion 
factor  - the  ampere-watt  sensitivity,  which  does  not  depend  on  this 


(1.81) 


Expression  tor  the  total  pyroelectric  receiver  current  can  be 
obtained  from  equations  (4.47)  and  (4.58)  / far  from  Curie  point, 

when  length  as  the  temperature  of  wave  X2  is  considerably  less  than 
the  thickness  of  crystal  d(X2  <<  d),  this  expression  takes  the 
sufficiently  simple  form,  and  the  ampere-watt  sensitivity 


(4.85) 


The  pyroelectric  receiver  current  7 is  complex  function  of  the 
physical  characteristics  of  crystal,  its  geometric  dimensions  and 
conditions  of  heat  exchange  of  crystal  with  the  environment.  Value  7 
is  torm/shaped  under  the  action/effect  ct  two  basic  factors  - the 
value  of  the  average  temperature  increment  of  the  sensitive  element 
of  receiver  and  rate  of  change  in  the  ten peLat ure  increment. 
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Fig.  4.7.  The  complete  equivalent  replacement  scheme  of  the 
pyroelectric  detectors:  PEP  - pyroelectric  receiver;  2.  H - the 
complex  resistance  of  load;  f\,  - the  resistance  of  the  matching 

cascade/stage;  ? - the  generator  of  pyroelectric  current  I l V 

- the  equivalent  generators  of  noise  current,  caused  by  temperature 
fluctuations  by  the  Johnson  fluctuations  of  crystal  and  input  circuit 
respectively;  l - - the  equivalent  voltage  generator  of  the  noises  of 
the  measuring  device,  led  to  the  grid  cf  input  time;  Cj-C3  are 
capacities  for  a tuning  into  resonance  in  work  with  inductive  load. 


Page  126. 


The  average  temperature  increment  of  the  pyroelectric  receiver  of  as 
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any  other  thermal  receiver,  inversely  proportional  to  the  frequency 
cf  modulation,  but  the  rate  of  its  change  directly  proportional  to 
modulation  frequency.  The  action/effect  of  these  two  factors  is 
balanced  into  sufficiently  wide  frequency  interval.  Of  this  consists 
qualitative  explanation  of  the  rapid  response  of  pyroelectric 
detector  in  comparison  with  other  heat  radiation  detectors. 

The  uniformity  of  the  frequency  characteristic  of  pyroelectric 
receiver  is  disturbed  at  the  very  small  frequencies,  when  the  thermal 
waves,  created  by  radiation  flux,  in  passing  by  through  pyroelectric 
cell/eleroent  2 (see  Fig.  4.4),  they  reach  support/base  3,  and  at  the 
high  modulation  frequencies,  cede  thermal  waves,  without  reaching 
pyroactive  crystal  2,  they  extinguish  in  absorbing  layer  1 (for 
example,  see  expression  (4.76)). 

If  radiation  absorption,  which  falls  to  pyroelectric  detector, 
occurs  on  the  absorbtive  bands  of  crystal  (fundamental  absorption  of 
crystal  (fundamental  absorption  of  pyroactive  crystal),  then  the 
inertness  of  detector  is  determined  by  the  inertness  of  pyroelectric 
effect,  i. e. , by  the  set-up  time  of  spontaneous  polarization  under 
the  influence  of  thermal  waves  on  crystal. 

In  above  given  calculations  it  is  assumed  that  the  noises  of 
pyroelectric  receiver  the  only  Johnson-  If  one  takes  into  account 
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teaperature  and  supplementary  receiver  noise,  and  also  noises  of 
measuring  device,  then  complete  equivalent  receiver  circuit  taking 

anto  account  all  sources  of  signal  and  noises  it  takes  the  form, 
presented  in  Fig.  4.7. 


It  should 
transformer  of 
detector,  and 


be  note 
energy 
in  work 


d that  the  pyroelectric  receiver  is  the 

analogous  with  thermocouple  or  photo- volt aic 
do  not  require  power  supplies. 
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Page  127. 


V 

Chapter  4B-- 


PYROEL ECTRIC  3 ADI  A TION  DETECTORS. 


The  first  attempts  at  the  creation  of  pyroelectric  radiation 
detectors  are  related  to  1938-40  [ 92,  102  ].  However,  these  works  were 

noticed,  the  basic  jer k/i m pulse,  which  woke  up  interest  in 
pyroelectricity,  will  oe  the  work  of  Chaynoviz,  which  left  into  1956 
[62].  The  author  of  work  will  propose  dynamic  method  of  the  study  of 
spontaneous  polarization  in  single  crystals  BaTi03  and  will  predict 
the  possibility  of  recording  with  the  aid  of  this  method  of  changes 
in  temperature  on  the  order  of  10“*oc„ 

Subsequently  Heyts  Peris  [87]  abroad  I.  M.  Silvestrov  in  the 
tJSSF  [39]  will  be  indicated  the  possibility  of  designing  of  the 
receivers  of  infrared  emission/radiation  on  the  basis  of  ferroactive 
ceramicist  of  single  crystals  of  TGS.  Ey  Cooper  [58]  was  proposed  the 
first  theory  of  the  work  of  pyroelectric  radiation  detectors  and  is 
theoretically  predicted  the  possibility  of  the  achievement  of  the 
threshold  of  response  of  receivers  on  the  basis  of  of  single  crystals 


L 


A 
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PdTiOj,  comparable  with  the  threshold  of  response  of  superconducting 
bolometers  from  nitride  of  niobium. 


During  1964-1 9b8  were  developed  highly  sensitive  pyroelectric 
receivers  with  the  st a nda r d ized/normal ized  threshold  sensitivity  ft* 
= <10»-10«)  cm«Hz^/w  [ 1,  fc , 49,  70,  93,  ICC], 


The  pyroelectric  receiver  of  fleyts  and  Peris  [87]  (Fig.  5.1)  is 
ceramic  the  disk  from  polarized  ceramics  BaTi03  or  Pb  (TiZr)  03, 
condensed  with  the  by  means  of  of  glass  fiber  in  the  shielding 
metallic  housing. 
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Fig.  5.1.  Py roelec trie  radiation  detector  on  the  basis  of 
ferroelectric  the  ceramicists  [87].  is  below  shewn  contact  node/unit. 


Hey:  (1).  Contact  node/unit.  (2).  Ceramic  cell/element.  (3). 
Cap/cover.  (4).  Housing.  (5).  In  sulator.  ( 6)  . Glass  fiber.  (7)  . 
Conclusions.  (8).  Teflon  insulator.  (9).  Silver  electrodes.  (10). 
Ceramic  cell/element. 
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Page  128. 

To  both  sides  of  disk  art  plotted/applied  silver  electrodes.  For  the 
equalization  of  the  spectral  cha cacter ist ic  of  sensor  the  irradiated 

electrode  was  covered  with  Glyptal  enamel  25  p thickness,  possessing 

f0  0,9  ± 0,05 

the  coefficient  of  absorption  A in  the  range  of  wavelengths 
0.3-24  p and  in  te  mpecature  range  0-100°C.  The  presence  of  the  thick, 
irradiated  electrode  will  condition  the  time  constant  of  receiver  of 
approximately  1 ms. 

The  irradiated  electrode  is  grounded  with  the  aid  of  the  holt, 
passing  through  ceramic  cell/element  and  isc 1 at e/ insu la  ted  from 
positive  electrode  ty  teflon  packing.  The  reliability  of  contacts  is 
provided  by  the  flat  springs  between  current  terminals. 

Shown,  that  the  utilized  picnup  was  capable  to 
maintain/w ithstand  heat  flows  of  approximately  100  8/cm*  during  0.5 
s.  The  authors  of  development  assert  that  initially  the  calibration 
conducted  is  retained  during  one  year  with  accuracy  *-5o/o.  The 
calibration  of  sensor  is  conducted  with  the  aid  of  standard 
calorimeter  trom  200-watt  electric  lamp. 
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Into  1964  in  the  institute  of  physics  of  AS  UkSSR  were  developed 
the  high-speed  and  highly  sensitive  receivers  cf  radiant  energy  on 
the  basis  of  fine-grained  ceramics  BaTiC3  [1],  and  then  with  the 
utilization  of  thin-layer  single  crystals  TUB  [15,  16]. 


§1.  Receivers  on  the  basis  cf  ceramics  PaTic3. 


Sensing  element  of  receiver  is  thin  layer  (40-100  |j)  the 
ceransicists  of  titanate  of  barium  of  receiving  area/site  1-20  mro?  in 
si ze/d imen sion . By  atomization  in  vacuum  to  sensing  element  will  be 
deposited  metal  electrodes  thickness  than  1000  )i.  to  the  irradiated 
electrode  is  spray-coated  the  layer  of  that  absorbing  in  the  assigned 
spectral  interval  of  coating,  for  example  the  layer  of  gold  black. 
Sensing  element  is  fastened  to  holder  with  the  aid  of  the  braces  from 
phcsphcr  bronze  20-30  ^ thickness.  Holder  with  sensing  element  is 
placed  in  heat  container  (Fig.  5.2}.  Ir.  immediate  proximity  of 
sensing  element  is  placed  the  input  time  of  preamplifier  in  order  to 
reduce  to  a minimum  parasitic  wiring  capacitance.  The  temperature  of 
container  of  pyroelectric  receiver  is  connected  to  a standard 
thermostat  of  the  type  TS-15,  with  the  aid  of  which  in  container  is 
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establish/instal  led  the  desired  temperature,  controlled  copper  - by 
constar.tan  t her  mocouple. 

Figure  5.3  gives  the  dependences  cf  the  volt-watt  sensitivity  5 
and  of  threshold  of  response  P the  pyroelectric  receiver,  prepared 
from  ceramics  BaTi03  with  impurity/admixture  CC , at  the  room 

temperature  depending  on  modulation  freguency  f of  radiant  flux 
during  different  load  resistances  H . With  a decrease  in  the  value  of 
load  resistance  volt-watt  sensitivity  descends,  and  the  threshold 

cf  response  grow/rises. 

Page  129. 

With  uCP  >>  1 volt-watt  sensitivity  obeys  the  law  f”>,  which  will 
agree  well  with  formula  (4.52).  Analogously  changes  the  RMS  value  of 
receiver  noise  (see  4.53).  Therefore  threshold  cf  response  barely 
depends  on  modulation  frequency,  as  long  as  A**,,  >>  Ru.  Tn  this  a 
difference  of  the  pyroelectric  receiver,  which  is  is  capacitance 
cell/element,  from  other  thermal  radiation  detectors. 

A small  increase  in  the  threshold  of  response  at  low  frequencies 
is  bonded  with  the  low-frequency  component  of  acoustic  interferences. 
Analogously  an  increase  in  the  threshold  of  response  with  ■ 10 
Gohms  in  the  range  of  frequencies  500-1000  Hz  is  bonded  with  certain 
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decrease  in  the  equivalent  resistance  cf  the  losses  of  crystal 

U'Vp  =(wCKptgh)  '),  ^k|)^  A>ir 

By  utilizing  a differentiator  amplifier,  it  is  possible,  in 
principle,  to  correct  the  a npli tude~f requency  cha racter ist ic  of 
pyroelectric  receiver,  after  preserving  signal-to-noise  ratio  in  that 

range  cf  frequencies,  in  which  the  threshold  of  response  remains 
const  ant /in var iable. 

The  spectral  density  of  the  noist's  of  pyroelectric  receiver  is 
given  in  Fig.  5.4. 


Fig.  5.2.  Pyroelectric  receiver  in  heat  container. 
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Key:  (1).  Container.  (2).  Olive.  (3).  Cap/cover.  (4).  Lamp.  (5). 
Window.  (6).  Cable.  (7).  Sensing  element.  4 fc)  Red. 


Page  1J0. 

Lower  curve  presents  the  dependence  of  the  RMS  value  ot  noise  voltage^ 
measuring  unit  from  frequency,  average  - Johnson  noises  of  equivalent 
to  receiver  HC  network,  upper  - the  inherent  ncise  of  pyroelectric 
receiver  )/**  at  temperature  of  i00°K. 

To  it  is  evident  from  the  figure,  the  inherent  noise  of 
pyroelectric  receiver  do  r.ot  exceed  the  noises  cf  equivalent  RC 
network  more  than  by  r>0o/o.  This  it.  makes  it  possible  in  a number  of 
cases  simple  to  calculate  receiver  noise  from  Nyquist's  formula, 
without  conducting  measurements.  With  an  increase  of  noise  frequency 
of  installation,  caused  in  the  main  by  the  effect  ot  glimmer,  drops 
more  slowly  than  receiver  ncise.  Therefore  in  designing  input  units 
for  a work  with  pyroelectric  receivers  special  attention  follows 
specific  reduction  in  the  ncises  of  installation  at  frequencies  above 


100  Hz. 
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Fig.  5.3.  Dependence  of  the  volt-watt  sensitivity  S of  receiver  on 
the  basis  of  ceramics  I3aTi03  on  frequency  f at  different  values  of 
load  resistance:  A#  (A0  = 1 mm*5). 


Key:  (1).  V/W.  (2).  Gohms.  (3).  W/Hz‘2.  (4).  Hz. 


Page  131. 

The  stability  of  the  character i st ics  of  pyroelectric  receiver 
can  be  studied  by  the  observation  of  the  temperature  dependences  of 
the  dynamic  pyroelectric  coefficient  Vi  (or  pyroelectric  current  i) 
with  the  consecutive  cycles  of  heating  and  cooling  (Pig.  5.5). 


After  the  polarization  of  specimen/s  a ir  p le  with  the  first  cycle 
of  heating  to  70°C  and  subsequent  cooling  occurs  the  aging  process  of 
specimen/sam pie.  During  the  subsequent  cycles  cf  heating  to  this 
temperature  the  process  of  aging  virtually  is  finished  and  the 
points,  which  correspond  to  identical  temperatures,  they  coincide 
with  accuracy  of  «--5o/o/.  The  work  of  pyroelectric  receiver  in  this 
temperature  interval  is  stable. 


Pyroelectric  coefficient 
temperature  of  85-90°C,  which 


reac  hes 
exceeds 


the  maximum  value  at 

2.5-3  times  its  value  at  room 
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Since  pyroelectric  coefficient  y1  and  the  dielectric  constant 
similarly  grow/rise  with  an  increase  in  the  temperature  to  70°C,  the 
volt-watt  sensitivity  Sf  proportional  to  their  relation  during  high 
load  resistances,  changes  insignificantly  in  this  temperature 

interval.  Therefore  the  pyroelectric  receiver,  prepared  from  ceramics 
of  titanate  of  barium,  it  is  expedient  to  utilize  at  room 
temperature.  The  conducted  investigations  of  the  subsequent  aging  of 
receiver  responses  snowed  that  during  half-year  of  any  substantial 
changes  in  the  parameters  it  is  not  observed. 


(i) 

j,  /o®,  eptri 


f'3  s ^ 


Fig.  5.4.  Spectral  noise  density  of  receiver  on  the  basis  of  ceramics 
EaTiO,  (^H  ~ I Gohas)  . 


Key:  (1).  v/H*‘*.  (2).  Hz 
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Fig.  5.5.  Dependence  of  pyroe1  ectr ic  coefficient  from  temperature 

of  T:  1 - the  original  cycle  of  heating  and  coding;  2 - following. 

Key:  (1).  coul/cm2  »deg. 

Page  132. 

The  basic  parameters  of  receivers  cn  the  tasis  of  ceramics 
EaTiOj  with  impurity/admixture  CO  the  following: 

t)  threshold  of  response  in  frequency  range  5-200  Hz  during  load 
resistance  j\H  = (1-10)  Gohms  in  the  circuit  of  cathode  follower  on  a 
lamp  of  the  type"  acorn"  is  equal  to  5«10— Q 

2.  the  time  constant,  caused  by  thickness  and  the  thermal 
characteri sties  of  the  irradiated  electrode,  is  1-20  jjs;  in  work  on 
fundamental  absorption,  the  inertness  cf  receiver  descends  to 
10~ 10~*  s and  in  some  constructions  is  limited  to  piezoresonance 
phenomena  of  sensitive  layer; 

3)  volt-watt  sensitivity  on  modulation  freguency  10  Hz  and  the 
value  cf  load  resistance  - lO  Gohms  composes  100  V/W  t with  the 
size/dimensions  of  receiving  area/site  1 mm2. 
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4)  dynamic  range  conpose  10  »-10'8  H/mm2. 

Sensors  can  be  made  in  the  form  of  the  figures  of  arbitrary  form 
- by  the  forging,  mechanical  processing,  etc. 

Utilization  of  single  crystals  BaTiOj  for  the  creation  of 
pyroelectric  receivers  did  not  yield  positive  results,  in  spite  of 
the  fact  that  c-domain  crystals  can  be  obtained  in  free  state  by  area 
several  millimeters  with  thicknesses  of  approximately  20  p.  The  basic 
reason  is  the  instability  of  characteristics,  tended  with  the 
instability  of  domain  of  structure. 


Positive  results  were  obtained  with  the  use  of  i adust,  rial 
piezoelectric  the  ceramicist  of  the  type  "central  telephone  exchanges 
"and  KNFS.  Prepared  on  their  basis  receivers  possess  approximately 
the  same  threshold  of  response,  so  and  receivers  from  ceramics 
EaTiOj;  however,  with  wider  dynamic  range. 

fj2.  Receivers  on  the  basis  of  single  crystals  TGS. 
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Pyroelectric  coefficient  and  relation  yA/e  for  TGS  are  higher 

than  for  ceramics  BaTi03.  Single  crystals  easily  are  treated  and  can 
be  grown  to  sufficiently  large  size/di  tensions.  In  connection  with 
this  most  sensitive  pyroelectric  receivers  are  obtained  with  the  use 
of  single  crystals  TGS  [3,  15,  16,  18-23,  47,  49,  70,  9 3 ].  Fxception 
is  the  report/communication  of  Glass  [50,  67]  about  the  development 
of  highly  sensitive  pyroelectric  receiver  on  the  basis  of  single 

crystals  SNB  (Sri_rB;i,Nb506). 

Sensing  element  of  pyroelectric  receiver  is  the  plate,  prepared 
from  the  large  single  crystal  TGS,  by  area  1-5  am2  by  thickness 
50-150  p.  With  smaller  thicknesses  of  sensing  element  becomes 
mechanically  fragile  and  its  pyroelectric  coefficient  falls  faster 
than  it  is  thinned  crystal.  Structural/design  formulation  is  the 
sensing  cell/element  to  analogously  described  fcr  crystals  BaTi03. 
General  view  of  sensing  element  is  given  in  Fig.  5.6. 

Page  133. 

Of  pyroelectric  receivers,  released  by  firm  Barnes  Fngeneering  CO, 
the  construction  of  sensing  element  differs  from  preceding/previous 
themes  that  the  crystal  TGS  is  fastened  to  the  metallized  mylar  film, 
which,  in  turn,  is  fastened  on  carrier  ring  (Fig.  5.7).  The 
irradiated  electrode,  covered  with  Mack,  is  connected  with  the 
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entrance  of  solid-body  preamplifier. 

The  frequency  dependence  of  volt-watt  sensitivity  and  threshold 
of  response  of  the  pyroelectric  receiver,  developed  in  the  institute 
of  physics  of  AS  UkSSR,  with  the  size/dimensions  of  receiving 
area/site  1 am*  and  the  thickness  of  crystal  50  ^ during  different 
load  resistances  is  given  in  Fiy.  5.8. 

During  load  resistance  -- 10  Go h ms  Are  threshold  of  response 

v - ur* 

/ W/Hzy*.  In  the  measured  frequency  Land  the  dependence  of  valued 
frcm  frequency  is  insignificant. 

The  amplitude  frequency  characteristics  of  pyroelectric  receiver 
are  given  in  Fig.  5.9.  During  load  resista  nee /\H  - luO anyone  cut-off 
frequency  f 0^s  - 13  kHz.  The  calculation  of  cut-off  frequency 
according  to  formula  (4.77),  when  the  heat  capacity  of  the  irradiated 
electrode  is  equal  to  7 • 10  s cal/ (deg "cm2) , gives  value  f0  5 = 20  kHz. 
This  inaccuracy  in  the  calculation  was  explained  [to  15]  themes  that 
is  not  considered  the  time  constant  of  the  input  circuit,  which 
composes  2*10“'*  s. 

The  work  of  pyroelectric  detector  near  the  point  of  phase 
transition  is  described  in  [21].  Did  arise  the  question:  will  not  be 
an  increase  in  the  fluctuations  of  polarization  at  Curie  point  the 
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fundamental  limitation  of  threshold  receiver  sensitivity?  For 
explanation  were  carried  out  the  measurements  of  the  noises  of 
detector  on  the  crystals  TGS  ir  an  interval  of  temperatures  20-60°C. 
Investigations  were  carried  out  on  frequency  analyzer  with  time 
constant  of  approximately  100  s during  an  uniform  increase  in  the 
temperature  at  a rate  of  1 deg/min.  The  RMS  value  of  noise  is 
record/wri tten  on  automatic  recorder-  The  measurements  will  shew  that 
receiver  noise  as  at  Curie  point,  that  and  outside  it  was  equal  to 
the  noise  of  eguivalent  RC  network. 

V/i5  = / IT). 

Pigure  5.10  gives  the  written  on  automatic  recorder  dependences/^ 
taken  at  frequency  350  Hz  at  the  different  values  of  load 
resistance  and  upon  blocked  entrance. 
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Fig.  5.6.  Sensing  element  of  pyroelectric  receiver. 

Fig.  5.7.  Circuit  of  sensing  element  of  receiver  Barnes  Engeneering 
CO  [ 4 7 ]. 

Key:  (1).  Pyroelectcic  disk.  (2).  Absorbing  coating.  (3).  Maiparovaya 
film.  (4).  To  preliminary  amplifier.  (5).  Carrier  ring. 


Fage  134. 

An  increase  in  the  capacity  at  Curie  pcint  leads  to  a decrease  in  the 
noise.  In  this  case  the  course  of  the  temperature  dependence  of  the 
BBS  value  of  noise  is  qualitatively  such/similat  to  the  course  of 
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reciprocal  value  of  dielectric  constant.  Connection  to  the 
specimen/sample  of  constant  voltage  does  not  cause  supplementary 
electrical  fluctuations  both  at  the  room  temperature  and  near  Curie 
point 

D 

during  rapid  heating  on  the  order  cf  10  deg/min  and  above 
sensing  element  of  pyroelectric  receiver  in  the  range  of  phase 
transition  appear  the  supplementary  noises,  caused  by  the  effect, 
analogous  to  the  Barkhausen  effect  [16].  No  longer  appear  also  during 
a sign  change  of  the  applied  stationary  field.  They  after  the 
application/appendix  of  field  can  be  continued  for  several  minutes. 

Figure  5.11  depicts  the  curves  of  the  threshold  of  response  of 
pyroelectric  receiver  with  room  temperature  and  near  Curie  point,  and 
also  the  calculated  curve  is  assumed  that  receiver  noise  is  purely 
Johnson  [54].  The  designed  threshold  values  of  the  sensitivity  of 
pyroelectric  receiver  with  48°C  show  that  it  in  sensitivity 
approaches  an  ideal  thermal  receiver.  The  real  threshold  of  response 
of  receiver  near  Curie  point  with  an  increase  ct  frequency  is  raised, 
that  its  as  noises  are  determined  by  the  noises  of  measuring  circuit. 

The  comparison  of  the  sensitivity  of  pyroelectric  receiver  IF  of 


AS  UkSSF,  that  works  at  room  temperature,  with  the  vacuum  and 
gas-filled  nickel  bolometers,  used  for  spectral  target/purposes. 
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conducts  according  to  s iq na 1-t o-noise  ratio  at  frequency  9 Hz  by  the 

radiation  flux  w0  = i» 10“ 7 «/b>2.  During  the  comparison  of  receivers 
is  utilized  the  meter  lew  energies  [11,  29]. 


S.0/JW.O 


Pig.  5.8.  Frequency  dependences  of 
threshold  of  response  and  threshold 
detector  on  the  basis  of  the  single 


volt-  watt  s 
of  response 
crystal  TGS 


ensitivity  and 
of  pyroelectric 
at  different  values 
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Key:  (1)  • V/W.  (2).  Gohms.  (3).  W/Hz»2.  (4).  H2. 

Eage  135. 

With  weakening  by  the  grid  of  radiant  flux  WQ  25  times  the  signal, 
taken  from  the  gas-filled  nickel  bolometer,  it  was  hardly  let  us 
distinguish  against  the  background  of  noise  (is  in  form  not  RMS  value 
of  noise  | F a the  maximum  amplitude  value  noise-  "spread/scope", 
that  exceeds  this  value  approximately  5 times). 

Vacuum  nickel  bolometer  and  pyroelectric  receiver  distinguish 
signal  against  the  background  cf  noise  with  the  weakening  of  flow  150 
times.  But  the  threshold  sensitivity  of  vacuum  nickel  bolometer  will 
be  above.  The  amplitude  characteristic  cf  the  pyroelectric  receiver 
with  A (.(  = |(T  Gohms  is  linear  in  the  range  cf  flews  W0  = (10~3-10-<») 

k/  m m ? . 


In  spite  of  an  increase  in  the  pyroelectric  coefficient  near 
Curie  point,  volt- watt  receiver  sensitivity  during  high  load 
resistance  s (\u  descends,  since  simultaneously  occurs  an  increase  in 
the  dielectric  constant.  However,  in  the  course  of  experimental  and 
calculated  curves  there  is  the  disagreement  (Fig.  5.12),  which  is 
bonded  with  certain  displacement  of  the  maximum  pyroelectric 
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coefficient  yA  with  respect  tc  maximum  £ to  the  side  of  lower 
temperatures,  on  the  basis  of  the  curves  of  Fig.  5.12,  optimum 

operating  temperatures  of  triglycinesu 1 fate  receiver  one  should 
select  in  area  46-47°c,  near  maximum  ya. 


s.tmi  eO  y ) 


Fig.  5.9.  Am  pi itud  e-f r eg  uency  characteristics  of  longitudinal  type 
pyroelectric  receiver  on  the  basis  of  TGS:  1 anyone*  2 - 

L'HOC 

A anyone. 


Key:  (1).  rel.  un.  (2).  Hz 


Fig.  5.10.  The  written  on  automatic  recorder  dependences  | f ^ at 
different  values  (value  of  the  Curie  temperature  is  shown  by 


dotted  line. 
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Figure  5.13  gives  the  fundamental  characteristics  of  the 
pyroelectric  receiver  of  firm  Barnes  Engineering  CO  [47]  with  the 
size/dimensions  of  whose  receiving  area/site  is  0.5  x 0.5  mm*  and 
whose  capacity  is  4 pF.  Measurements  conducted  with  the  aid  of 
solid-body  amplifier  with  the  entry  impedance  1012  ohm  (electrical 
time  constant  was  4s).  The  contributions  different  the  component  of 
noises  - temperature  noise  the  Johnson  noise  of  entry  impedancel^ 

the  noise  of  the  equivalent  resistance  of  the  receiver  (dispersive 
losses)  l'/,  of  the  noise  of  amplifier  C'a.  are  determined  at  different 
modulation  frequencies.  Calculated  value  of  the 
standardized/normalized  threshold  sensitivity  of  ideal  thermal 
radiation  detector  with  the  receiving  area/site  indicated  at  room 
temperature  2>*  = 5.2»10<>  (cm*  Hz  */*) /w. 


J 
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experimental  curves;  3 - calculated  curve. 

Key:  (1).  W/Hz */ (2).  Hz. 

Fig.  S.12.  The  temperature  dependence  of  relative  volt-watt  receiver 
sensitivity  on  the  basis  of  TGS: 

1 experimental;  2 - designed  by  formula  (4.44). 

K^y:  (1).  re  1.  un. 
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Fig.  5.13.  Frequency  dependences  of  noises,  volt-watt  and  threshold 
sensitivities  of  TGS-  pyroreceiver  Barnes  Engineering  CO  [ 47  ]:  s - 


DOC  = 77100846 


PAGE  3/  5 


volt-watt  sensitivity;  * - the  st andardized/nor mulized  threshold 
sensitivity  ideal  type;  L'j.  - receiver  noise  TGS-;  C/  - the  Johnson 
noises  of  entry  impedance;  Lx  - to  the  shim  of  solid-body  amplifier; 

u 

^temperature  noise.  Solid  lines  showed  experimental  curves,  by 
broken  lines  - calculated. 


Key:  (1).  V/W.  (2).  MV/Hz°  (3).  cm»Hz°  5/b . 


Page  137. 

This  value  considerably  exceeds  the  threshold  sensitivity  of 
pyroelectric  receiver..  At  the  frequency  of  modulation  0.06  Hz  the 
volt-watt  sensitivity  s0  was  equal  to  1C6  V/W. 

It  should  be  noted  that  the  threshold  sensitivity  Jj*  TGS  = 
receiver  in  Fig.  5.13  with  an  increase  of  frequency  descends 
according  to  the  law  f-°,5,  while  in  Fig.  5.3  and  5.  R is  not  observed 
a noticeable  incidence/drop  in  the  threshold  of  response  receiver 

IF  AS  UkSSP.  This  is  connected  with  the  fact  that  the  value  of  the 
load  resistance  of  receiver  IF  AS  UkSSP  R^=  10  GO,  and  the  entry 
impedance  of  the  solid-body  amplifier  Earnes  Engineering  Co  was  equal 
to  1000  GO.  Therefore  the  threshold  of  response  of  the  last/latter 
receiver  was  proportional  to  its  equivalent  resistance,  depending  on 
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frequency,  dielectric  constant  and  dielectric  less  angle  (see 
(4.79)),  while  the  threshold  of  response  of  receiver  IF  AS  UkSSF  was 
caused  by  the  value  of  load  resistance  (see  (4.68)). 


§3.  Receiver  with  high  value  of  receiving  area/site. 


The  threshold  sensitivity  of  the  majority  cf  thermal  radiation 
detectors  deteriorates  with  an  increase  in  the  size/dimensions  of 
receiving  area.  Therefore  in  recent  years  was  outlined  the  tendency 
of  the  development  of  receivers  with  the  minimus  value  of  receiving 
area/site  (less  than  1 mm2) , and  also  of  the  creation  of  the 
immersion  systems,  offering  the  possibilities  of  a further  size 
decrease  of  sensing  elements  of  receivers. 

However,  there  is  a series  of  problems  in  radioraetry  [48],  code 
they  are  required  receivers  with  large  si  ze/d  i [tensions  of  sensing 
element  (on  the  order  of  IOC  mm2)  and  ty  uniform  zonal  sensitivity. 


The 
indica  te 
detector 
proposed 


conducted  in  work  [48]  investigations  with  thermocouples 
that  an  increase  in  the  receiving  area  desensitize  of 
and  its  uniformity  over  surface.  In  this  same  article  was 
the  gold  sprayed  bolometer  with  area  of  approximately  80 


I 
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The  measurements  of  the  zonal  sensitivity  of  metallic  bolometers 
and  dependence  of  their  cha racterist ics  on  the  size/dimensions  of 
receiving  area/site  [2]  showed  that  the  bolometers  barely  suitable 
for  these  purposes. 

As  shown  in  chapter  IV  (see  (4.68)),  the  threshold  sensitivity 
of  pyroelectric  receivers  is  proportional  to  the  thickness  of  crystal 
and  does  not  depend  on  the  value  of  sensitive  area,  if  the  value  of 
load  resistance  R„  <<(  R*r  and  if  thermal  agitations  do  not  limit  the 
limit  of  their  sensitivity. 

Page  138. 

Experimental  studies  establish/installed  that  receiver  noise  on  the 
basis  of  crystals  TGS  and  BaTi03  in  temperature  range  20-70°C  are 
Johnson.  This  it  indicates  the  possibility  of  the  production  of 
receivers  with  large  size/dimensions  of  sensitive  area  without 
fundamental  deterioration  in  their  threshold  sensitivity.  Unlike  the 
bolometers,  the  nonuniformity  of  sensitivity  of  which  is  caused  by 
the  temperature  distribution  along  film,  the  zonal  sensitivity  of 
pyroelectric  receivers  depends  on  the  arrangement  of  domain  fields. 
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The  conducted  investigations  of  the  zonal  sensitivity  S (x,  y) 
of  the  pyroelectric  receivers,  prepared  on  the  basis  of  single 
crystals  of  TGS,  LiNb03  and  fine-grained  ceramics  BaTi03,  they  showed 
that  they  are  more  promising  than  bolometers  and  thermocouples,  for 

the  creation  of  detectors  with  large  size/dimersions  of  receiving 
area/site  [19,  26]. 

The  method  of  measurement  S (x,  y)  consisted  of  the  irradiation 
of  sensing  elements  by  narrow  light  beam  and  the  fixing  of 
pyroelectric  signal  of  the  place  of  irradiation.  The  speci men/sa mp les 
being  investigated  had  thickness  100-300  p and  receiving  area/site 
from  1 to  100  mm?. 

The  observation  of  the  place  of  illumination  on  receiver  and  the 
checking  of  the  value  of  light  probe  were  realized  by  using 
ster eomicr  oscope. 

In  order  that  the  length  of  temperature  wave  by  crystal  would 
not  exceed  its  thickness,  necessary  correctly  to  select  the 
modulation  frequencies  of  luminous  flux.  With  the  thickness  of  the 
specimen/samples  being  investigated  more  than  50  p the  frequency  40 
Hz  satisfied  these  requirements.  Otherwise  could  arise  supplementary 
errors  due  to  nonuniform  thermal  contact  on  crystal  boundary  - 
support/base. 
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Fig.  5.14.  Relative  zonal  sensitivity  of  pyroelectric  receiver  on  the 
basis  of  the  poly-domain  single  crystal  of  TGSr  a)  without  electric 
field;  b)  with  field. 


Page  139. 


Cell  with  pyroelectric  receiver 
under  microscope  object  lens  and  was 
directions  with  the  aid  of  micrometer 


and  preamplifier  was  placed 
moved  in  horizontal  plane  in  two 
screw/propellers.  Pyroelectric 
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signal  was  amplified  by  the  amplifier,  tuned  tc  a frequency  of 
modulation  40  Hz,  and  by  the  phasemeter  F 2- 1 was  determined  gas.  For 
a feed  to  tl\e  phasemeter  of  reference  voltage  was  utilized  the 
circuit:  incandescent  lamp  is  a photodiode. 


Pig.  5.14a  gives  the  zonal  sensitivity  of 
crystal  of  TGS.  Signals  in  shaded  and  that  whi 
fields  are  located  in  antiphase.  During  the  il 
receiver  the  total  signal  is  close  to  zero,  th 
opposite  signs  of  polarization  nearly  equal.  D 
crystal  of  electric  field  50-100V  the  domains 
the  direction  of  field.  The  general  volt-watt 
considerably  grow/rises,  and  zonal  becomes  nor 
6.14b).  If  not  to  consider  an  incidence/drop  i 
narrow  field  (0.1  mm)  at  the  edges  of  receiver 
(due  to  the  nonuni  for m ity  of  black  at  the  edge 
heat  withdrawal  on  contacts),  area  with  the  se 
differs  by  20o/o  from  the  maximum,  composes  mo 


the  poly-domain  single 
ch  was  not  shaded 
lumination  of  entire 
at  as  areas  with  the 
uring  appendix  to  the 
are  run  up/turned  in 
sens itivity 
e uniform  (see  Fig. 
n the  sensitivity  in 
and  about  contacts 
s of  receiver  and  to 
nsitivity,  which 
re  than  2/3  values  of 


an  entire  receiving  area/site 


Page  140. 

Frequently  are  encountered  the  sufficiently  large  monodomain 
crystals  of  TGS,  which  remain  such  even  after  warm-up  higher  than  the 
Curie  point  and  subsequent  cooling  down  to  room  temperature.  The 
stabilization  of  domain  structure  it  is  possible  to  realize  by 
dusting/deposition/spraying  to  the  crystal  cf  metal  electrodes  with 
different  work  function  (for  example,  indium  is  gold).  In  this  case 
the  area  with  the  zonal  sensitivity  which  differs  by  lOo/o  from  the 
maximum,  is  0.8  entire  receiving  area/sites. 

Sometimes  of  crystals  of  TGS  is  observed  the  unsteady  state, 
which  is  characterized  by  many  domains,  but  it  rapidly 
transfer/converts  to  stable,  that  contains  2-3  domaines.  Probably, 
the  deposition  of  electrodes  (even  silver  is  silver)  and  the  circuit 
diagram  of  receiver  stabilize  its  polarization. 

Zonal  receiver  sensitivity  on  the  basis  of  ceramics  BaTi03  is 
represented  in  Fig.  5.15.  The  nonuniformity  of  sensitivity  is  6o/o  of 
mA  of  9/10  areas  of  receiver,  only  at  the  edges  of  specimen/sa mple 
and  of  contacts  sensitivity  falls  to  30o/o.  Uniform  zonal  sensitivity 
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is  observed  also  of  receiver  and  single  crystal  LiNb03.  The 
nonunif orm ity  of  sensitivity  of  this  receiver  does  not  exceed  1-2o/o 
in  an  entire  area. 

During  the  investigation  of  single  crystals  BaTi03  map/charts  of 
the  distribution  of  the  sensitivity  did  not  coincide  with  the 
map/charts  of  the  arrangement  of  domain  fields,  taken  before 
dusting/deposition/spraying  electrodes  and  Blackening.  In  a-domain 
fields  were  not  observed  the  sharp  dips  of  sensitivity  as  it  was 
possible  to  expect.  It  is  possible  that  into  the  process  of  the 
deposition  of  electrodes  on  crystal  boundary  appear  local  electrical 
and  mechanical  stresses,  which  it  leads  to  the  rearrangement  of 
domain  structure. 

The  investigations  showed  that  the  best  zonal  sensitivity 
possess  the  receivers  from  niobate  of  lithium,  ceramics  of  titanate 
of  barium  and  single  crystals  of  triglycine  sulfate  with  the 
stabilized  polarization. 

Pyroelectric  receivers  with  large  receiving  area,  developed  in 
IP  AS  UkSSP,  are  shown  in  Fig.  5.16.  The  sensitive  cell /el omen t , 
prepared  from  fine-grained  ceramics  BaTi03,  is  fastened  on  thp 
conducting  supports,  which  perform  the  role  of  ground  electrode. 
Permalloy  housing  safeguards  receiver  from  electromagnetic 
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focusing/inductions,  Bindow  is  Bade  iron  the  material,  transparent  in 
the  assigned  spectral  interval. 


Fig.  5.16.  Pyroelectric  receiver  with  the  high  value  of  the  receiving 
area/site:  1 - housing;  2 - insert/bushing;  3 - filler;  4 - 

conclusions;  5 - window;  6 - sensing  element;  7 - holder;  8 - flange. 


Page  141. 

The  threshold  of  response  of  pyroelectric  receiver,  if  the 

length  of  temperature  wave  in  crystal  considerably  shorter  than  its 

thickness  and  more  than  the  thickness  cf  the  irradiated  electrode,  it 

is  possible  to  write  in  the  form 

* I 4 AT  A/  . , .nr. 

I Rh  ' + 16/10(T,  A (f,  + vjT  \/[  (.">  1) 

The  second  term  in  equation  (5.1)  is  considerably  lower  than  the 
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first  with  the  reasonable  size/dimensions  of  receiving  are 

value  of  the  quantity  of  the  receiving  area/site  of  the  re 

. • 

* 

whose  equivalent  power  of  Johnson  noises  is  comparable  wit 
temperature,  is  determined  by  the  expression 

\ . ! (R  2t 

For  the  developel  at  present  pyroelectric  receivers,  which 
from  Curie  point,  expression  (5.2)  is  made  at  values  A0  = 
mm2,  a virtually  considerable  increase  in  the  receiving  ar 
leads  to  an  increase  in  the  microphonic  noises  (piezonoise 

lowering  of  the  value  of  load  resistance  (due  to  a decreas 

/?J. 

Pyroelectric  receivers  on  the  basis  of  ceramics  of  ti 
barium  of  sensor  10-100  mm2  in  size/dimensicn  possess  thre 
response  5 • 1 0 10 W/Hz1  2 with  the  nonunifcr mity  of  z 
sensitivity  *-50/0. 

54.  Pyroelectric  targets  for  image  converters. 

Of  the  nonscanning  image  converters  of  infrared  regio 
sensor  usually  consists  of  two  layers.  In  the  first  layer 
incident  radiation  is  absorbed,  in  the  second  - is  created 
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temperature  image  of  object,  which  then 
visually  or  by  photographic  method  (for 
evaporiiaeter)  . Such  systems  are  inertia 
insufficiently  are  sensitive. 
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Fig.  5.17.  The  circuit  of  the  pyroelectric  target:  d,  is  thickness  of 

d 

upper  electrode  (I)  ; - the  thickness  of  crystal  (II)  ; a - the 


radius  of  the  falling/incident  light  ray;  R - the  radius  of  lower 


electrode. 


Page  142. 


Let  us  conduct  study  of  the  structure  of  the  temperature  image, 
which  appears  in  crystal  during  irradiation  of  it  by  the  light  probe 
of  a small  diameter,  to  evaluate  the  resolution  of  this  target. 

Let  us  examine  the  system,  which  consists  of  two  plates  with 
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different  thermophysical  properties  (Fig.  5.17).  The  surface  of  upper 
electrode  (plate  I)  is  irradiated  by  modulated  radiant  flux  W through 
the  circle  of  radius  a.  As  a result  of  a change  in  the  temperature  of 
plate  II,  which  is  pyroactive  crystal  with  the  special  polar  axis, 
parallel  to  the  coordinate  z axis,  in  it  appears  pyroelectric  current 
whose  density  can  be  calculated  from  the  formula 


..  ..  <JH 2 (r,  0 

/('.  i)  - v —iv,— 


(5.3) 


_ </i 

where  y is  a pyroelectric  coefficient;  02  (t,  t)  = 1/d2  j 02  (r,  z, 

i, 

t)  dz  - the  increase  in  the  temperature  of  crystal,  averaged 
according  to  thickness;  r,  z are  cylindrical  coordinates. 


For  the  determination  of  the  distribution  in  crystal,  it  is 
necessary  to  solva  the  equation  of  thermal  conductivity  for  a 
two-layered  system,  which  in  cylindrical  coordinates  taking  into 
account  the  axial  symmetry  of  task  is  taken  in  the  form 

d*0  i an 


f>*«  . i 
,)r‘  + r 


<)r 


4- 


dz2 


dt 


(5  4) 


where  is  coefficient  of  thermal  diffusivity, 


If  the  initial  increase  in  the  temperature  equal  to  zero  and 
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heat  losses  can  ba  disregarded,  then  boundary  conditions  they  take 
the  following  form: 


%Wota'  (0  < r < a), 
0 (r  > a): 


* = *.  -v- 


d« 


- “ • e,  = % 


(5.5) 


? — d,  + 


H,  = 0, 


where  0j  and  02  are  increases  in  the  temperature;  k,  and  k2  - the 
coefficient  of  the  thermal  conductivity  of  electrode  and  crystal 
respectively;  W0  - the  amplitude  of  the  falling/incident  radiant 
flux;  e0  - the  coefficient  of  the  absorption  of  upper  electrode;  o - 
cyclic  modulation  frequency. 

The  periodic  part  of  the  solution  to  equation  (5.4),  carried  out 
by  M.  A.  Itskovskiy  f 1 2 under  boundary  conditions  (5.5)  for  a 
crystal  takes  the  following  form: 

e,(r  *.  t)  - fle.ttV-1-' f A,  ft.  DA  ft.  a)  x 
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X 


'ill  ('I i ! d . — - ») 

<r,i|,  vli  } *\t|.  < h i|,./,  c ii  i|„, 7," 


(5  f>) 


“here  J0  (5,  r)  and  J,  {£,  a)  - the  Bessel  function  of  zero  and  first 
crders  respectively;  «|-2  — the  coefficients  of  thermal 

diffusivity  of  upper  electrode  and  crystal. 


Hith  d,  = 0,  — y - and  u = 0 from  formula  (5.6)  is  obtained 
the  solution  of  problem  for  a semi- res  trie  ted  body  with  the  constant, 
heat  flux  w0  through  circle  0 < r < a,  ly iny/horizontal  at  plane  z = 
0,  and  zero  flow  throuyh  surface  of  r > a; 


e,(r.  z)  -= 


r)Jt  (l. 


0 


fl)  r 


(5-71 


with  dj/dz  <<  1 (thickness  of  upper  electrode  considerably  shorter 
than  the  thickness  of  crystal)  and  k,/k2  > 1 (thermal  conductivity  of 
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upper  electrode  greater  the  thermal  conductivity  of  crystal)  from 
expression  (5.6)  we  obtain 


«2(r,  t)  = uFn\\\r 


j y..(E.  'W,  ^ . (5.m 


It  should  be  noted  that  formula  (5.8)  is  applied  for  the  calculation 
of  the  temperature  in  the  crystal  even  at  k,/k2  - 103,  if  d,/d2  ~ 
10-5.  In  this  case  the  first  term  in  the  denominator  of  formula  (5.6) 
is  negligible  as  compared  with  the  second.  However,  when  indicated 
relationship/ratios  are  not  fulfilled,  calculation  one  should  produce 
precise  formula  (5.6). 


For  the  density  of  pyroelectric  current  we  obtain 


/>.  0 = — hoHj  (r.  t). 


(■5.*)} 


where 


«*(/■.  n = 


(I  ,k. 


4,(5.  r)  ■/,($,  rft  (:ri0) 

t)j  rh  i|  ,il 


- the  average  increase  in  the  temperature  of  crystal. 


Page  144. 


Expression  (5.10)  can  be  presented  in  the  form 

«j(r,  0 = — (Mt  + 2/M,)  = F(r)e-‘ (5. ) , , 
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where 

F (r>  = IT 1 + Ml  <r  (a)  - arc  tS  (2 Af,  M.): 

ec 

Mi  = j J„(R.  DJi(A.  Ox 

u 


cli  2 NT + + cos  2.VT_  — 2ch  AT cos  AT  — /*  sh  AT  sinAT 
(<4  + 4)  (ch  2NT  h + cos  2AT  J 


dt. 


Mt  = ( y0(/?.  /)y,(/i.  o x 
6 

0 (ch  2AT+  -f-  cos  2AT_  — 2ch  AT_,_  cos  AT_J  -j-  4 sh  AT  . sin  NT 
(t*  + 4)  (ch  2 NT  f + cos  2NT  ) " 


Tfit)  - l/4-O  <‘  + 4)±f* 
(/  =■-•  EA.«), 

R = b__A=b  n-t. 


is  a teaperature  wavelength  in  crystal. 


Thus,  the  basic  difficulty  during  the  analysis  of  the  obtained 
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results  is  the  calculation  of  integrals  and  pl2.  These  integrals 
were  calculated  on  computer  for  some  values  of  parameters  D2  and  X2 
at  the  radius  of  light  ray  a = 20  p.  Figure  5.18  depicts  the 
dependence  of  function  F (and,  consequently,  the  average  increase  in 
the  temperature  of  crystal,  value  of  pyroelectric  signal  and 
volt-watt  sensitivity,  which  are  proportional  tc  value  F)  of  distance 
between  centers  of  incident  ray/beam  and  lower  point  electrode  r. 

The  experimental  study  of  the  structure  of  the  temperature  image 
was  conducted  on  the  crystals  of  TGS  and  BaTi03  by  thickness  100-500 
p [19],  During  the  determination  of  the  resolution  of  pyroelectric 
target  with  a thickness  of  of  electrode  varied  within  the  limits 
(0.05-1)  jj.  The  effective  thickness  of  gold  black  was  0.03  p.  For 
measurement  was  utilized  the  method,  described  above.  The  modulated 
emission/radiation  of  laser  source  by  power  10'*  W was  focused  by 
microscope  into  small  circle  20  p in  radius.  Coordinate 
displaceraent/movament  was  conducted  through  every  5 p.  The  appearing 
during  irradiation  pyroelectric  signals  were  remove/taken  with  the 
aid  of  acicular  electrode  with  effective  diameter  (20-50)  p. 
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Fig.  5.18.  The  dependence  of 
voltage  froa  distance  to  the 
thicknesses  of  the  crystal: 


the  relative  value  of 
center  of  light  ray  r 
1 - = 100  M;  2 - 


py r oelect  ric 
at  the  different 

cl 

= 200  m;  3 - ^2  = 


i 


V 
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400  p (\2  = 50  p;  this  value  it  corresponds  to  modulation  frequency 
for  BaTiOj  80  Hz,  for  TGS  - 36  Hz) . 

Key:  (1).  rel.  un.  (2).  p. 


Page  145. 

Was  investigated  the  effect  of  the  different  parameters  of 
pyroelectric  target  (thickness  of  crystal,  the  thickness  of  upper 
electrode  and  modulation  frequency)  on  the  character  of  a decrease  in 
the  pyroelectric  signals  at  an  increase  in  the  distance  between  the 
laser  ray/beam  and  the  lower  point  electrode,  measured  in  the 
direction,  perpendicular  to  the  direction  of  the  laser  ray/beam. 


With  the  connection  of  target  to  measuring  circuit  the  voltage, 
removed  from  load  resistance  R„  with  A?KP>  R«. 


U = 


7R„ 

i i • 


(5.12) 


where  7 ~ jA„  - the  pyroelectric  current  through  the  electrode  with 
an  area  of  A0;  C0  - the  total  capacitance  of  crystal  and  input  time. 


From  (5.8)  and  (5.12)  we  obtain  (with  uC„o  >>  1) 

/•'</)  -y  f!"-H4ir)  (5.13) 


(5.13) 
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The  measurements  conducted  did  not  r eveal/det ect.  any  noticeable 
dependence  of  the  relative  value  of  the  pyroelectric  voltage 

A’  lr\  I 11  I'M  F i'\ 

’ 177(01]  77oi  <■>  I I' 

from  the  thickness  of  crystal  D2  within  the  limits  of  the  utilized 
thicknesses  of  crystals  (d  = 100-500  p)  . However,  the  volt-watt 
sensitivity  of  target  as  in  usual  pyroelectric  receivers  [ 15], 
depends  substantially  on  the  thickness  cf  crystal  and  grow/rises  with 
its  decrease. 

The  calculated  values  of  relative  sensitivity  confirm  these 
experimental  results.  The  width  of  the  curve  of  relative  pyroelectric 
stress,  measured  at  the  height  where  the  signal  falls  into  e once, 
can  serve  as  the  parameter  to  evaluate  rescluticn.  In  this  case  the 
resolution  of  pyroelectric  target  let  us  call  the  number  of  widths 
that  are  placed  of  cut  1 mm  long.  The  experimental  dependence  of 
parameter  N0  (r)  on  the  thickness  of  the  upper  sprayed  electrode  d, 
is  given  in  Fig.  5.19.  With  a decrease  in  the  thickness  of  upper 
electrode  the  slope/transconductance  of  decrease  N0  (r)  considerably 
grow/rises,  i.e.,  is  increased  the  permission  of  target. 

The  permission  of  target  also  substantially  grow/rises  with  an 
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increase  in  the  modulation  frequency  of  laser  team.  Figure  5.20  gives 
characterist ic  dependence  for  crystals  of  TGS.  The  disagreement  of 
theoretical  and  experimental  curves  is  explained  themes  that  during 
numerical  calculation  on  computer  was  not  taken  into  account  the 
effect  of  upper  electrode.  Mathematically  this  indicates  the  account 
of  the  first  term  in  the  denominator  of  formula  (5.6)  that  greatly 
complicates  the  calculation. 

With  the  aid  of  these  Fig.  5.20  it  is  possible  to  produce  the 
estimation  of  the  resolution  of  target. 

Page  1U6. 

For  a frequency  285  Hz  permission  composes  20  lines/mm  (theoretical 
value)  even  17  lines/mm  (experimental  value).  In  separate 
specimen/samples  vitit  very  fine/thin  point  electrode  (0  = 15  p ) 

was  obtained  experimentally  the  permission  20-30  lines/mm. 

The  conducted  investigation  of  pyroelectric  target  makes  it 
possible  to  make  the  determined  conclusions  abcut  the  possibilities 
of  the  conversion  of  image.  The  pyroelectric  effect  during  probe 
irradiation  is  determined  by  the  structure  of  the  appearing 
nonuniforra  distribution  of  temperature  according  to  crystal  plate. 

For  estimating  the  value  of  the  volt-watt  sensitivity  of  pyroelectric 
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target  one  should  introduce  the  representation  cf  its  single 
cell/elene nt,  which  presents  the  cylinder,  cut  cut  along  the  polar 
axis,  with  the  area  of  fcasis/base,  egual  to  area  lower-g  of 
electrode.  The  volt-watt  sensitivity  of  the  cell/eleaent  of 
pyroelectric  targat  is  increased  both  with  the  decrease  in  the 
thickness  of  crystal  and  with  a decrease  in  the  frequency  of 
modulation  (with  uC2/<?„>>  1).  For  the  crystal  of  TGS  with  thickness  D2 
= 100  p,  the  diameter  of  lower  electrode  0 = 50  p and  with  value  R 
= 10  GQ  at  modulation  frequency  10  Hz  the  volt-watt  sensitivity  of 
cell/element  S = 2000  V/W.  For  ceramics  BaTiOj  value  S for  an  order 
lower  threshold  of  response  in  this  case  composes  5»10~9  W/Hz‘ 

It  should  be  noted  that  the  sensitivity  of  the  cell/element  of 
pyroelectric  target  can  be  improved  during  the  optimum  agreement  with 
measuring  device. 
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Pig.  5.19.  Experimental  dependence  of  the  relative  value  of  the 
pyroelectric  voltage  N0  from  distance  between  centers  of  light  ray 
and  point  electrode  for  the  crystal  of  TGS  at  the  different 
thicknesses  of  upper  electrode  d,:  / _ o.i:  i - o.is;  .t  _ o.S; « - o.9« 

Key:  (1).  p. 


Fig.  5.20.  Dependence  of  parameter  N0  on  distance  between  centers  of 
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light  ray  and  point  electrode  r for  the  crystal  of  TGS  at  different 
modulation  frequencies:  1 - 13;  2 - 16;  3 - 285  Hz  (1-3  - calculated 
curves;  1*-3'  - experimental) - 

Key:  (1).  p. 


Page  147. 

The  calculation  conducted  shows  that  use  of  the  field  triode  with  the 
entry  impedance  1014  ohm  inherent  noise  level,  lower  than  the  Johnson 
noise  of  the  cell/element  of  pyroelectric  target  from  TGS,  makes  it 
possible  to  obtain  value  S = <10s-106)  V/w  at  lew  modulation 
frequencies.  Threshold  of  response  also  decreases  to  10“l°  W/Hz*/?. 

Its  own  time  constant,  of  the  cell/element  of  target  as  for  all 
pyroelectric  receivers,  is  10~5-10-6  s. 

The  permission  of  system  in  practice  dees  not  depend  on  the 
thickness  of  crystal,  but  sufficiently  substantially  it  is  increased 
with  an  increase  in  the  modulation  frequency  of  light  ray  (with  uC0/?H 
>>  1)  and  with  a decrease  in  the  thickness  of  the  upper  sprayed 


electrode 


DOC  = 77100846 


* 


page  **rr 


§5.  Receivers  of  complete  radiation  absorption. 


In  connection  with  the  amplification  of  works  on  absolute 
spectrometry  and  radiometry  in  recent  years  arose  the  need  for  the 
creation  of  the  standard  meters,  making  it  possible  to  determine  the 
spectral  receiver  responses  of  emission/ra dia t ion  and  independently 
used  for  these  purposes. 

For  an  example  let  us  examine  the  process  cf  spectral 
measurement  by  the  scanning  spectrometer  - the  instrument, 
performance  characteristics  of  which  are  the  complex  composition  of 
the  characteristics  of  optical  and  electrical  ncde/units  [30  1. 

In  general  form  the  result  of  optical  and  electrical  effects  on 
the  spectrum  being  investigated  can  be  presented  in  the  form 

U = t\hS\V,  (5  it>) 

where  -\  is  the  apparatus  function,  which  characterizes  the 
distortion  of  the  true  spectrum  H under  the  influence  on  it  of  the 
scanning  optical  system;  h - the  transient  function,  which  describes 
system  response  to  unit  step.  In  this  case  one  should  consider  the 
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distortions  of  intensity  and  form  of  true  noise  spectrum  of  receiver 
and  by  the  nonlinearity  of  the  entire  receiving-recording  system. 

Obtaining  the  true  spectrum  W with  measured  U is  called 
reduction  to  ideal  instrument.  This  problem  is  the  central  task  of 
spectrometry  and  in  the  general  case  is  solved  very  complicatedl y. 

However,  task  is  simplified,  if  receiver  completely  absorbs 
emission/radiation  in  the  assigned  spectral  interval  and  and  lew 
inertia,  since  development  of  amplifying  recorders,  which  do  not 
distort  the  spectrum,  is  technically  solved.  For  the  absolute 
measurements  of  emission/radiation  in  the  ultraviolet,  visible  and 
infrared  regions  of  the  spectrum  in  many  instances  are  used  thermal 
radiation  detectors,  flany  researchers,  assuming  that  the  thermal 
radiation  detectors  in  principle  are  nonselect ive,  if  are  covered 
with  the  layers,  which  completely  absorb  eraissicn/radiation,  during 
measurements  with  by  industrial  thermocouples,  bolometers  or 
acousto-op ti cal  detectors  frequently  refer  to  their  one  hundred 
percent  "blackness". 

end  section. 
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Are  at  present  many  works,  dedicated  to  technology  of  obtaining 
and  to  investigation  of  the  characteristics  of  the  absorbing  coatings 
and  optical  materials.  It  would  seem,  not  difficult  to  foresee  the 
spectral  charact er i st ics  of  thermal  radiation  detectors.  However,  the 
conditions  of  the  formation  of  the  absorbing  coatings  on  transparent 
in  this  spectral  interval  plates  and  sensing  elements  different  can 
change  in  time.  Therefore  the  question  of  the  determination  of  the 
spectral  characteristic  of  completely  ready  radiation  detectors  has 
important  value. 

The  recently  conducted  investigations  of  the  spectral 
characteri st ics  of  bolometers  and  radiation  thermocouples  showed  that 
their  utilization  as  standards  can  lead  to  large  errors  [7.55-57,  65, 
66,  95  ]. 

Are  possible  two  methods  of  determining  the  spectral  receiver 
responses  of  the  emission/radiation: 

1)  the  method  of  standard  source  [8,  37,  40,  45,  61,  79,  80,  82, 


F6,  95]; 
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2)  the  method 
absorption  [7,  24, 
99  ]. 


°f  the  standard  receiver  of  complete  radiation 
25,  34,  44,  55,  57,  60,  b4-66,  68,  78,  89,  94,  95 


the  first  method  consists  of  the  calitraticn  of  the  receiver 
berng  investigated  on  the  basis  of  source  with  the  known  spectral 
distribution  of  intensity  (tungsten  lamp  or  specimen  blackbody)  with 
the  aid  of  the  monochromator,  the  transmission  function  of  which  is 
determined. 


In  the  second 
comparison  of  the 
investigated  with 
radiation  detector 
aonochroma  tor. 


calibration  method  of  receivers  consist 
spectral  characteristic  cf  the  receiver 
th.  spectral  characteristic  of  standard 
, est a bl ish/ins t a 1 led  on  the  cutput/yiel 


s of  the 
being 
ther  mal 
d of 


Here  outlined  in 
thermal  radiation  Jet 
of  radiation  microcal 
ferroelectric  receive 


essence  two  tendencies  in  the  creation  of  the 
ectcrs  of  the  total  absorption:  the  development 
orimeters  [ 55,  65.  66,  68  ] and  of  the 
rs,  having  the  form  of  blackbodies  [ 2 3,  24-26, 


93,  44  ]. 


The  pyroelectric  receivers  of  total  absorption 
the  form  of  conical,  tapered  or  spherical  blackbody 


can  be  made  j.n 
(Pig.  5.21). 
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The  calculation  of  the  eaissivity  of  wedge-  or  cone-shaped 
receiver  can  be  conducted  by  geoaetric  construction  (see  Fig.  5.21a) 
and  according  to  the  data  on  the  absorption  and  reflectivities  of  the 
aaterial  of  the  internal  surface  of  cone- 


Lo 


Fig.  5.21.  Pyroelectric  receivers  of  complete  radiation  absorption: 
a)  conical  or  wedge-shaped;  b)  spherical. 

Key:  (1).  Thermocouples. 


Page  149. 


DOC 


771 10846 


PAGE  Jr  . 


It  is  possible  to  obtain  [65,  66]  the  following 
relat ionsh ip/rat ios : 


<>„  = '('  -I  {2n  1)0; 

'«  = f»  I v x,; 


(*•.  — p0)  — V 


tR0/lj»0  ! tc  (*p  + 2h0).  (5  lf») 


where  on  is  the  angle,  hearth  by  which  the  entering  ray/beam  will  be 
reflected  from  the  internal  surface  of  cone  after  n of  reflections; 

10  is  a projection  of  distance  on  the  axis  of  cone  00’,  passed  by 
ray/beam  after  n of  reflections  and  measured  from  0 to  0*  ; .»•„  - the 

projection  of  the  path  of  ray/beam  on  axis  CO*  between  n about  n ♦ 1 
by  reflections. 


If  0„  > r/2,  ray/beam  emerges  the  cone.  The  number  of 
reflections  and  the  covered  path  can  be  described  by  the  equations, 
analogous  (5.16).  Under  these  conditions  the  relationship/ratio 
between  the  number  of  reflections,  after  the  ray/beam  emerges  the 
cone,  and  the  distance  alonq  axis  Of)*  to  the  side  of  the  basis/base 
of  cone  takes  the  form 


!=(*-»-/»)  + v 


an-in) -i-  v t, 


tgo/tg  |or„  — (2/-’  — 1 ) 0|  — tgO,  (5  17) 
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where  a0  = w-  (0^-2  6). 

The  authors  [65,  66]  calculated  the  values  of  the  absorptive 
ability  of  cone  for  some  materials  in  the  case  of  mirror  and  diffuse 
reflection.  During  an  increase  in  the  value  of  the  mirror  reflection 
coefficient  in  comparison  with  diffuse  is  observed  an  increase  in  the 
absorptivity  of  wedge  or  cone.  The  computed  values  of  absorptivity  r0 
can  reach  value  of  0.999. 

Develop  in  IF  AS  UkSSF  cone-shaped  pyroelectric  receivers  of 
longitudinal  type  emission/radiation  (Fig..  5.22a)  possess  the 
following  characteristics: 

1)  the  volt-watt  sensitivity  S = (0.5-1)  V/W  at  modulation 
frequency  10  Hz  during  the  load  resistance  R„  - 1 GO; 

2)  threshold  of  response  = (5»  10  *"-1 0 '*)  W/Hz1/2; 


PAGE 
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3)  tine  constant  r < 


*■3  4 

50  >js; 


4)  absorptivity  eH  0. 8-0.9. 


Fig.  5.22.,  Cone-shaped  pyroelectric  receivers:  a)  the  longitudinal 
type;  b)  cross. 

Page  150. 

Cross  type  cone-shaped  pyroelectric  receivers  (see  Fig.  5.22b) 
prepared  from  ceramics  of  titanate  of  barium,  are  characterized  by 
these  parameters: 

1)  the  volt-watt  sensitivity  S = (0. 2-0.4)  V/M  at  modulation 
freguency  10  Hz  during  the  load  resistance  ^ = 1 GO; 

2)  threshold  of  response  (5» 1 0 -7- 1 0-7 ) W/Hz*/1 2 3; 

3)  time  constant  r ~ 20  ns; 


DOC  = 771 10846 


4)  absorptivity  8#  “ (0.85-0.95)  in  the  range  0.4-20  m; 

5)  geometric  dimensions;  L0  = 20  mm,  28  = 15°,  d = 200  p,  the 
diameter  of  inlet  6 mm. 

The  possibility  of  the  production  of  pyroelectric  receivers  in 
the  form  of  the  figures  cf  complex  form  with  large  area  was  used  for 
developing  the  standard  receivers  of  spherical  form  with  high 
absorptivity  [23-16],  Standard  pyroelectric  receiver  is  spherical 
condenser/ capacito r (Fig.  5.23)  with  round  cr  rectangular  inlet. 
Receiver  consists  of  two  cemen ted/g lued  hemispheres,  prepared  from 
pyroactive  ceramics  with  internal  and  external  metal  electrodes.  For 
an  increase  in  the  absorptive  ability  internal  surface  is 
cover/coated  with  the  layer  of  gold  black. 

The  evaluation  of  the  quality  of  receiver  as  an  absolute 
absorber  of  emission/radiation  can  be  carried  out  in  accordance  with 
the  calculated  relationship/ratios,  recommended  in  works  [ 9,  59,  64, 
69  % 

The  principle  of  the  calculation  of  absorptivity  is  of  the 
calculation  of  emission/radiation  of  the  assigned  direction  from 
arbitrary  cell/element  within  sphere,  the  consisting  of  intrinsic 
emission  this  cell/element  and  reflected  it  emission/radia tion 


f roii 


T 
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all  other  cell/ele ments  of  cavity.  Then  conducts  integration  for  all 
cell/eleme nts  of  cavity. 

According  to  [64],  the  absorptivity  of  this  receiver  is 
determined  by  the  approximate  relationshi p/ratic 

(5.18) 


where  D0  and  R0t~  the  diameter  of  sphere  and  the  radius  of  inlet;  r0 
is  a reflection  coefficient.  Table  5.1  gives  the  computed  values  of 
the  absorptivity  of  different  spherical  pyroelectric  receivers  (in 
accordance  with  relationship/ratio  5.18)  in  spectral  range  0.2-150  M, 
when  the  internal  surface  of  sphere  is  covered  with  gold  black  or 
silverplated. 
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F,  5 X3. 

Arp  standard  spherical  type  pyroelectric  receiver. 


Page  151. 

As  can  be  sean  from  Table  5.1;  in  ratio  D0^Rm^  10  the 
absorptivity  . e0  of  receiver  independent  of  value  r0  so  close  to 
unity  that  in  a number  of  cases  there  is  no  need  for  for  the 
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35^ 

deposition  of  black  on  the  internal  surface  of  sphere. 

By  G.  A.  Puchkovskoy  et  al.  [ 7]  on  indicatrices  of  scattering 
from  the  surfaces,  adequate  to  the  internal  surfaces  of  sphere,  are 
experimentally  obtained  the  values  of  coefficients  rn  3 nd  is 
calculated  the  absorptivity  of  sphere  in  spectral  range  1-25  jj.  The 
obtained  values  of  absorptivity  for  the  developed  receivers  were 
0.  98-0.99. 


Natural  interest  is  of  the  experimental  check  of  absorptivity  e0 
spherical  pyroelectric  receivers.  Thus  far  it  was  not  impossible  to 
find  any  reliable  and  simple  method  of  experimental  determ  inat  ion  en. 
However,  the  qualitative  investigations,  which  confirm  the 
correctness  of  the  calcu 1 at  ions,  were  conducted.  Were  made  [ 23,  26  ] 
receivers  by  diameter  D0  = (3.5-10)  mm  and  wall  thickness  100-  300  p 

with  the  input  window  of  round  and  rectangular  form  0.3-1.  5 mm2  in 
area.  By  the  authors  was  investigated  receiver  sensitivity  to  the 
em ission/r adiat ion , when  its  internal  surface  was  covered  with  gold 
black,  then  with  the  restored/reduced  black  after  heating  to  150°c 
and  with  removed  by  its  mechanical  method.  The  value  of  volt-watt 
sensitivity  during  these  measurements  remained  constant/invariable 
within  the  margins  of  error  in  measurements  (♦- 2o/o).  The  spectral 
receiver  responses,  written  with  respect  to  one  of  them  in  region 
1-25  ft,  also  they  differed  not  more  than  by  2o/o,  which  corresponded 
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to  the  accuracy  of  measurements. 

In  the  spectral  dependent  absorbing  and  reflectivity  of  the 
internal  surface  of  spherical  receiver  are  essential  the  uniformities 
of  its  zonal  sensitivity  and  the  linearity  cf  amplitude 
characteristic. 

The  conducted  investigations  with  the  pyroelectric  receivers  of 
large  area  showed  that  of  95o/o  of  area  of  receiver  the  divergence  of 
sensitivity  from  its  average  value  does  not  exceed  5o/o,  but  the 
linearity  of  amplitude  characteristic  is  retained  with  an  accuracy  to 
1-2o/o  within  the  limits  of  the  rate  of  flew  of  emission/radiation 

10  -‘-1  0 W/mm2. 

Table  5.  1- 


D9,  mm 

i: 

CO°T 

M.M 

CepcCpo 

. 

coTiomw  ‘icpiib 

10 

0.75 

0,983 

0,998 

10 

0,5 

0.992 

0,999 

7 

0,5 

0.9S1 

0,998 

5.5 

0,65 

0,95 

0.930 

5 

0,35 

0,984 

0.998 

3,5 

o? 

0.977 

0,998 

Note.  Por  silver  ,max.=  0.98,  for  the  gold  black  r 0.1. 

Key:  (1).  from.  (2).  Silver.  (3).  Gold  black. 

Page  T52. 

Under  such  conditions  output  signal  in  practice  does  not  depend  on 
that,  in  which  part  of  the  receiver  is  absorbed  the  incident 
radiation:  over  an  entire  surface  it  is  evenly  or  in  one  place.  The 
washed  away  and  focused  image  of  standard  source  gave  one  and  the 
same  signal  within  the  limits  of  accuracy  of  measurements. 
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The  fundamental  characteristics  of  spherical  pyroelectric 
radiation  detectors  are  the  following: 

1)  the  volt-watt  sensitivity  S = (2-5)  ?/W  at  modulation 
frequency  10  Hz  during  the  load  resistance  R« - 1 drive; 

2)  threshold  of  response  'Ji  = 5*  1 0 -*  W/Hz*/?; 

.1)  time  constant  r < 50  ys; 

4)  the  geometric  dimensions  of  the  sensor:  Dn  = 5 mm,  /?or=  0.5 
mm,  d = 150  m; 


5)  absorptivity  F s=s  0.99. 

The  measured  threshold  of  response  1.5-2  times  is  worse  than 
calculated  due  to  acoustic  noises,  since  pyroelectric  receiver 
simultaneously  is  piezoelect  rick  pickup. 

Pyroelectric  receivers  of  total  absorption  can  be  used  for  the 
measurement  of  intense  radiation  fluxes.  But  for  this  their  internal 
surface  is  cover/coated  with  high-melting  layer  with  high 
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reflectivity  (for  example,  by  the  layer  of  platinum  1000  A 
thickness).  During  irradiation  occurs  the  redistribution  of  radiation 
flux,  passing  through  the  input  window,  over  an  entire  internal 
surface  of  sphere,  is  expanded  the  dynamic  range  of  receiver  it  is 
safeguarded  the  surface  of  the  primary  incidence/impingement  of 
ray/beams  from  destruction. 


During  the  study  of  intense  radiation  fluxes,  by  selecting  wC0^„ 
<<  1,  it  is  possible  to  measure  directly  the  emission  impulses  of 


Pig.  5.24.  Circuit  diagram  of  the  receivers  of  total  absorption. 


Pig.  5.25.  Relative  spectral  characteristics  of  some  thermal 
radiation  detectors  (measured  with  respect  to  standard  pyroelectric 
receiver):  1)  pyroelectric  receiver  (nickel  bolometer);  2) 
semiconduc  tor  bolometer;  3 - bismuth  bolometer.. 

Key:  Cl).  M« 

Page  153. 
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If  is  required  high  volt-watt  receiver  sensitivity,  it  should  be 
worked  at  low  modulation  frequencies  10-20  Hz,  selecting  uC0A,„  >>  1. 

The  circuit  diagram  of  the  pyroelectric  receivers  of  total 
absorption  is  given  in  Fig.  5.24. 

P.yroelectric  radiation  detectors  are  intended  for  recording 
modulated  and  pulsed  radiation  fluxes  f 31  , 36,  41,  42,  46,  51-53,  63, 
71-74,  77,  81,  83,  84,  88,  90,  91,  97,  10  1,  103-106  ].  In  the  case, 

when  cannot  be  modulated  radiation  flux,  for  measurements  can  be  used 
ferroelectric  bolometers.  However,  their  threshold  of  response  with 
the  same  thickness  of  sensing  elements  is  worse  than  of  pyroelectric. 
The  pyroelectric  receivers  of  total  absorption  were  used  for 
determining  the  spectral  character ist ics  of  thermal  radiation 
detectors  [ 7 ]„ 

The  conducted  investigations  showed  that  the  spectral 
characteristics  of  some  TPI  possess  considerable  selectivity, 
although  according  to  the  specif ications  frequently  is  guaranteed  the 
uniformity  of  their  spectral  characteristic.  Spherical  pyroelectric 
receivers  of  total  absorption  can  be  recommended  as  standards  during 
investigation  in  wide  spectral  integral  from  extreme  ultraviolet  to 


the  far-infrared  region  of  the  spectrum.  Figure  S.25  gives  the 
relative  spectral  characteristics  of  some  thermal  receivers  of 
em ission/r adiat ion. 

§6.  Coordinate-sensitive  pyroelectric  radiation  detectors. 


Coordinate-sensitive  ( pos ition-sensi t i ve)  and  servo  transformers 

[ 

find  wide  application  in  electro-optical  equipment,  there  is  a series 
of  works,  dedicated  to  the  description  of  optical  position  detectors 
with  photosensitive  receivers  [ 27,  35,  38  ], 

The  main  advantage  of  the  optical  sensors  of  the  position  before 
other  instruments  is  the  absence  of  mechanical 

communication/connection  with  the  controlled/inspected  object  and  the 
possibility  of  remote  control. 

[ 

There  exists  two  types  of  photoelectric  coordinate-sensing 
apparatus.  The  first  type  is  the  electrooptical  bridge,  which  is 
specific  composition  of  optical,  electrical  and  mechanical 
cell/elements,  ona  of  basic  parts  of  first  type  instruments  is  the 
analyzer  of  image,  which  gives  information  about  the  position  of  the 
controlled/inspected  object.  The  presence  of  the  analyzer  of  image 
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considerably  complicates  the  design  of  the  sensor  of  position  and 
impedes  its  microminiaturization. 

In  the  second  type  coordinate-  of 
combined  the  functions  of  analyzer  and 
cell/element . 

Page  154. 

The  photoelectric  receivers  with  coordinate-dependent  sensitivity  are 
those  which  move  rapidly  and  comparat i vel y small.  In  them  during  the 
local  illumination  of  sensitive  surface  the  value  of  output  signal 
depends  on  the  position  of  gate  of  entry  on  the  surface  of  receiver. 

One  of  the  basic  parameters  of  the  coordinate-sensitive 
apparatus  is  the  characteristic  of  displacement.  In  a number  of  cases 
it  is  desirable  that  this  parameter  would  have  in  operating  reqion 
the  linear  section  whose  slope/inclination  determines  instrument 
sensitivity  - the  value  of  the  signal,  which  appears  in  moving 
ray/beam  per  unit  of  dyne.  It  is  desirable  also  in  order  that  in 
operating  region  the  characteristic  cf  displacement  would  pass 
through  the  zero  point,  and  then  it  changed  its  sign  to  opposite. 


delicate  apparatus  are 
receiver  in  one  solid-body 


Requirements  for  the  linearity  of  response  of  displacement 
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mainly  are  presented  to  the  receivers,  designed  for  the  direct 
measurement  of  the  appearing  displacement.  In  the  case,  when 
Voordintno-sensit i ve  receiver  plays  the  role  of  null  indicator, 
requirement  for  linearity  are  not  necessary. 

Are  distinguished  the  coordinate-sensitive  photoreceivers  whose 
action/eff ect  is  based  on  photoconductive  effect,  and  semiconductor 
photoreceivers  on  p-n  -junctions  [32  1.  The  photoconductive 
coordinate-sensitive  receivers  include  differential  photoresistors’ 
and  photopotent ion eters.  Multielement  photodiodes,  the  longitudinal 
photocells  and  bicrystal  photoreceivers  with  coordinate 
sensitivit y, which  appears  during  irradiation  of  p-n  junction,  are 
advanceed,  than  photoconductive,  due  to  their  operating  speed,  the 
stability  of  characteristics  and  increased  sensitivity. 

A def  iciency/lack  in  the  photoelectric  coordinate-sensitive 
receivers  of  radiation  is  spectrally  the  narrow  working  range  at  coon 
temperature.  Their  sensitivity  is  limited  to  the  visible  and  near  IF 
spectral  region. 

Pyroelectric  coordinate-sensitive  radiation  detectors, 
devel op/processed  recently,  can  be  used  nonselect ively  in  a wide 
spectral  interval.  Receiver  consists  of  pyroactive  crystal  in  the 
form  of  plane-parallel  plate  III  (Fig.  5.26),  irradiated  electrode 
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II*  which  is  layer  of  silver  of  thickness  0.1  p„  to  which  is 
plotted/applied  the  layer  of  gold  black  I of  the  saie  equivalent 
thickness.  The  opposite  (acicular)  electrode  IV  has  a form  of  circle 
as  diameter  D0  = 50  p. 


Fig.  5.26.  Circuit  of  the  pyroelectric  coordinate-sensitive  receiver: 
I - black;  II  - electrode;  III  - pyroactive  crystal:  IV  - point 
electrode. 


Page  155. 

As  pyroactive  material  can  be  used  the  single  crystals  of  TGS  and 
polarized  ceramics  BaTiO,  of  approximately  100  p thickness.  Sensing 
element  is  placed  into  the  Permalloy  housing,  which  screens  from 
electromagnetic  fields  and  which  shields  from  mechanical  damage.  In 
housing  there  is  an  input  window  from  transparent  in  a spectral 
interval  being  investigated  material.  The  operating  principle  of 
coordinate-sensitive  radiation  detector  consists  of  the  following. 
The  modulated  radiant  flux  in  the  form  of  the  focused  with  optical 
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system  narrow  beam,  being  absorbed  by  the  layer  of  black,  produces 
local  heating  continuous  electrode  and  pyroactive  crystal.  As  a 
result  of  a change  in  the  temperature  of  crystal  on  its  surfaces 
appear  changing  with  modulation  frequency  the  polarized  charges, 
which  lead  to  the  emergence  of  pyroelectric  voltage  between  the  upper 
the  continuous  and  lower  by  point  electrodes.  Pyroelectric  voltage 
will  be  maximum,  if  the  centers  of  incident  beam  and  point  electrode 
lie  on  one  vertical  line.  With  the  removal/distance  of  beam  from  this 
vertical  line  the  voltage  falls.  Radial  dependence  of  the  relative 
receiver  sensitivity  is  shown  in  Fig.  5.27.  Changing  the  thickness  of 
the  irradiated  electrode,  it  is  possible  to  change  the  form  of  curved 
relative  sensitivity,  with  the  very  fine/thin  irradiated  electrodes 
and  the  at  high  modulation  frequencies  of  radiant  flux  this  curve  it 
has  resonance  character.  By  decreasing  the  modulation  frequency  and 
by  increasing  the  thickness  of  upper  electrode,  it  is  possible  to 
obtain  the  quasi-linear  curve  of  relative  sensitivity. 

Pyroelectric  coordinate-sensitive  radiation  detector  has  the 
following  fundamental  characteristics: 

1)  the  volt-watt  sensitivity  of  the  cell/eleraent , when  the 
center  of  incident  beam  and  point  electrode  lie/rest  on  one  vertical 

line,  at  the  frequency  of  modulation  20  Hz  it  composes  2000  V/W; 

radial  sensitivity  5»101 * 3  V/  (W-rara); 
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2)  threshold  of  response  under  these  conditions  comprises  S^IO-9 
W/Hz  */ 

3)  disconnection/cutoff  from  the  linearity  of  amplitude 
characteristic  does  not  exceed  +-5o/o  in  the  range  of  radiant  fluxes 

(10-a-IO-*)  W/ram?; 

4)  time  constant  is  10"5-10-6  s; 

5)  the  spectral  range  of  sensitivity  is  characterized  by  the 
spectral  characteristic  of  the  absorbing  coating  (for  example,  by 

gold  black);  therefore  receiver,  in  principle,  can  be  used  in  any 
section  of  the  electromagnetic  spectrum. 


DOC 


77110846 


PAGE 


Fig.  5.27.  Radial  dependence  of  the  relative 
coordinate-sensitive  receiver  N = N (r):  1 - 


sensitivity  of  the 
0.  1;  2 - 0.  15;  3 - 0.5; 


4 - 0.:9  |J. 


Key:  (1).  rel.  an.  (2).  m- 


Page  156. 

The  smallest  possible  displacement,  which  can  be  reveal/detected 
with  the  aid  of  pyroelectric  coordinate-sensitive  receiver  (its 
maximum  resolution),  is  determined  by  inherent  noise  level.  It  is 
possible  to  introduce  the  concept  of  threshold  sensitivity  on 
displacement,  defined  as  value  of  displacement  of  the  radiation  beam, 
which  causes  the  signal,  equal  to  the  RMS  value  of  noise.  In  turn. 
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the  threshold  of  response  on  displacement  is  the  function  of 
coordinate,  after  grow/rising  with  remo val/distance  from  point 
electrode.  Therefore  for  determining  the  resolution  of  these 
receivers  it  suffices  to  know  the  small  value  of  its  threshold  of 
response  and  the  radial  dependence  of  output  signal. 


The  coordinate  dependence  of  the  sensitivity  of  pyroelectric 
receiver  can  be  obtained  with  use  of  a pyrcactive  crystal  with  a 
nonuniform  thickness  of  d.  The  volt-watt  sensitivity  of  longitudinal 
type  pyroelectric  receiver  (4.67) 


inversely  proportional  to  the  thickness  of  crysta  1,  if  w*C »/?„  <£  1. 
However,  the  execution  of  this  inequality  is  bonded  with 
deterioration  in  the  volt-watt,  sensitivity;  therefore  in  the  general 
case  the  dependence  Snp  on  thickness  d has  a complex  character. 


Pigure  8.28  gives  the  coordinate  sensitivity  of  the  pyroactive 
crystal,  which  has  the  form  of  wedge,  from  the  position  of  the 
illuminated  zone.  The  quasi-linear  sections  of  curve  can  be  used  for 
the  creation  of  coordinate-sensitive  receiver- 
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57.  Receivers  for  emission/radiation  measurement  by  substitution 
method . 


The  measurement  of  electromagnetic  radiation  with  the  aid  of 
thermal  receivers  can  be  realized  by  two  methods  - by  direct 
measurement  and  by  substitution  method  (comparison  in  the  process  of 
measuremen  t)  . 

The  method  of  direct  measurement  consists  of  the  deta  Linination 
of  unknown  radiated  power  from  the  exit  dial  face,  which  is 
calibrated  with  the  aid  of  the  standard  emitter  before  measurements. 
Reliability  of  such  measurements  is  caused  by  the  stability  of  the 
receiver  responses  of  emission/radiation  and  many  cell/^le ment s of 
amplifier  circuit  in  the  period  between  calibrations.  In  connection 
with  this  this  method  possesses  low  accuracy  and  in  essence  is  used 
for  the  indication  of  radiation  flux. 

Substitution  method  consists  of  the  comparison  (during 
measurement)  of  the  radiated  power  being  investigated  with  the  power 
of  the  calibrated  heat  flux,  supplied  to  receiver  from  ths  radiation 
source  or  of  another  heat  source.  The  accuracy  of  measurements  with 
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the  aid  of  substitution  method  is  determined  in  essence  by  the 
stability  of  the  characteristics  of  the  source  of  the  heat  flux, 
which  consists  of  one  or  a few  cell/elements,  and  the  radiation 
detector  and  the  amplifier  unit  determine  the  only  sensitivity  of 
meter.  Therefore  the  accuracy  of  the  measurement  by  substitution 
method  is  considerably  higher  than  by  the  method  of  direct 
measuremen  t. 

The  calibrated  sources  of  heat  flux  can  be  optical  or 
electrical,  as  an  example  of  optical  source  can  serve  calibrated 
black  body  or  incandescent  bulb.  The  principle  of  measurement 
consists  in  consecutive  comparison  with  the  aid  of  the  covering 
device  or  the  circuit  of  modulation  of  the  radiated  power  and  of  the 
standard  sources  being  investigated.  Measurements  can  be  conducted  by 

compensation  method,  by  changing  the  emission/radiation  of  standard 
source  with  calibrated  attenuator  - optical  wedge.  The  measure  of  the 
weakening  of  standard  source  is  proportional  to  the  power  of  the 
radiation  of  unknown  emitter.  This  substitution  method  can  be 
call/named  optical. 

The  utilization  of  the  electrical  calibrated  sources  of  heat 
flux,  arrange/located  in  immediate  proximity  of  sensing  element, 
considerably  simplifies  measuring  device.  The  majority  of  receivers 
with  the  calibrated  sources  of  heat  fluxes  work  during  constant 
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irradiation,  and  the  amplification  of  the  removed  from  sensing 
transducer  conducts  by  dc  amplifier.  Such  systems  are  very  inertia 
and  insufficiently  sensitive. 

Page  158. 

More  preferable  are  the  receivers,  which  work  on  the  modulated 
radiation  flow  and  the  utilized  electrical  substitution  of  this  flow 
of  with  a power  Joule  losses  of  alternating  current  [5]. 

The  pyroelectric  radiation  detector,  intended  for  the 
measurement  of  electromagnetic  radiation  by  the  method  of 
substitution,  is  shown  schematically  in  Fig.  The  principle  of 

its  work  consists  of  the  following.  The  radiant  flux  tf  being 
investigated,  modulated  by  mechanical  timer,  falls  in  receiver. 
Appearing  in  the  absorbing  coating  thermal  oscillations  are  spread 
through  the  heating  element  2,  separating  dielectric  layers  3 and 
they  reach  sensing  element  4.  During  a change  in  the  temperature  of 
crystal  in  it  appears  the  signal,  which  is  supplied  to  input 
amplifier  stage. 

If  the  thermal  pulses  created  by  alternately  entering  to  sensing 
element  by  the  rectangularly  modulated  radiant  flux  and  right-angled 
by  electric  current,  is  identical,  then  output  signal  from  receiver 
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will  become  equal  to  zero.  However,  the  method  of  the  irradiation  of 
sensing  transducer  right-angled  suffers  essential  def iciency/lack- 
Heating  element  is  arranged  in  immediate  proximity  of  sensing 
element,  and  the  voltaqe,  supplied  to  heating  element,  it  excites  in 
receiver  parasitic  signal.  Since  the  power  of  Joule  losses  is 
proportional  to  the  square  of  stress  on  heating  element,  and  spurious 
signal  - the  first  degree  of  voltage,  the  effect  of 

focusing/induction  will  be  large  with  low  signals.  To  get  rid  of  the 
focusing/induction,  which  coincides  in  frequency  with  the  signal  of 
imbalance,  is  difficult. 

In  connection  wi«-h  this  more  rational  is  the  utilization  of 
sinusoidal  modulation  of  radiation  flux  with  the  frequency,  two  times 
exceeding  the  frequency  of  the  sine  voltaqe,  supplied  to  heating 
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Fig.  5.29.  Pyroelectric  receiver  for  emission/radiation  measurement 
according  to  substitution  method:  1 - the  absorbing  coating;  2 - 
heating  element;  3 - separating  layer;  4 - pyroelectric;  5 - 
electrodes;  p - receiver;  m - modulator;  -Wf  - generator. 


Page  159. 

In  this  case  the  signal  frequencies  of  imbalance,  proportional  to  a 
difference  in  the  amplitudes  of  thermal  radiant  flux  with  the  thermal 
flow  of  Joule  losses,  and  spurious  signal  also  differ  double.  By 
utilizing  the  narrow-band  amplifier,  tuned  to  a frequency  of  the 
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signal  of  imbalance,  it  is  possible  to  remove  spurious  signal. 

The  selection  of  the  geometric  and  t hermophysica 1 
characteristics  of  the  layers  of  sensing  element  is  essential  during 
the  development  of  receiver,  heating  element  must  be  so  fine/thin  in 
order  that  the  length  of  temperature  wave  in  working  frequency  band 
would  be  considerably  more  than  his  thickness.  Under  this  condition 
it  is  possible  to  assume  the  equivalency  of  the  action  of  the 
radiation  flow  of  the  heat  flux  of  Joule  losses  with  respect  to 
sensing  element  of  receiver. 

Requirements  for  the  geometric  characteristics  of  layer  are 
contradictory.  On  one  hand,  the  small  thickness  of  layer  leads  to  an 
increase  in  the  stray  capacitance  of  communication/connection  between 
heater  and  sensing  element.  With  another,  an  increase  in  the 
thickness  of  the  dielectric  interlayer  limits  the  frequency  range  of 
receiver. 

Let  us  find  the  calculated  relationship/ratios,  which  relate 
geometric,  thermophysical  and  frequency  receiver  responses. 


Let  in  the  heater  be  released  the  power  of  alternating  current 


DOC  = 771 10846  PAGE 

where  tJ0w0  is  voltage  and  the  frequency  of  alternating  current;  t is 
time;  R - the  resistance  of  heater. 
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For  the  deter  a inat ion  of  temperature  increment  in  dielectric 
layer  and  sensing  element,  is  solved  the  equation  of  thermal 
conductivi  ty  [ 14] 

=I1  159,,, 

ill  dx‘  ' ’ 


with  the  following  boundary  conditions 


H(v  /),  . „ - <->y 

H(».  /),  ...  -= 

Ha(-r.  0.  <>4  ( V,  /), 

0,(x  /)rW  = 0. 


(5.21 


In  equations  (5.20)  and  (5.21)  are  conducted  the  following 
designations;  9 is  a temperature  increment;  n = 2.  , 3.  , 4.  the 
numbering  of  the  compound/composite  layers  (parts)  of  receiver;  n,  = -- 
- thermal  diffusivity,  k and  c - the  thermal  conductivity  and  the 
heat  capacity  of  unit  volume. 

Page  160. 
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As  a result  of  the  solution  of  system  of  equations  (5.20)  under 
boundary  conditions  (5.21)  let  us  find  that 


(•«•.  0 = 


sh  ft  (d  — X)  2 tut 

sli  ft  (d  — b)  e 


(5.22) 


In  equation  (5.22) 


> — o)|l  ^ //ctlifi  (d  — b)  til  m (b  — a)l 


|t  - (s 


--1;  H-Yi 


i)  \f  JO. ; 

' ’Is 


Vt 


(5  25) 


During  irradiation  of  the  absorbing  coating  by  the  sinusoidally 
modulated  radiation  flux  = A^„Wnr,“l  (e„  - the  absorptivit  y of  black; 

w0  - the  density  of  radiation  flux;  u - modulation  frequency  A0  - the 
area  of  sensor)  the  appearing  in  sensing  element  temperature 
increment  is  defined  by  equation  [ 17]; 


(-),  < v.  n — e /•  *>.  j">' 

sll  m4  {d  — b)  ' 


(5.24) 


where 


e-  = Ou'/ch  m3(b  — «)  1 1 + // cth  m,  (d  — b)  th  m, (h  — fl)|; 

< = C + 0 Y : = (>  + 0 1 


(5  25) 


2r)t 


From  comparison  (5.22)  -5.23)  with  (5.  24)  - (5.25)  we  see  that  a 

change  in  ♦■he  temperature  of  sensing  element  will  be  one  and  the  same 
under  the  influence  on  the  receiver  both  of  variable  electric  current 
and  radiant  flux,  if 

o>  = (5.2C) 

p,/10irn  - Ul/R.  (5.27) 


During  heating  of  pyroactive  crystal  in  it  appears  the 
pyroelectric  current 


7 


< d - b) 


(5.28) 


where  y - pyroelectric  coefficient,  h and  - the  width  and  the 
length  of  pyroactive  crystal.  By  substituting  in  (5.28)  values  0 (x, 
t)  from  (5.22)  or  (5.25),  we  will  obtain  the  value  of  the 
pyroelectric  current,  which  appears  in  crystal  with  the  transmission 

through  the  heater  of  alternating  of  the  electric  current 

d — b 

thu — j 

^ ^ — b)  ch  m (b — a)  1 1 -|- // cth  p (d — 6)  th  m (6  — a))  ’ (5-29) 

A = 2ia)oVWe<Iew. 


Now  let  us  es tabl ish/i nsta 1 1 communi cation/connection  between 
the  sensitivity  of  pyroelectric  receiver,  the  thickness  of  dielectric 
layer,  its  thermophysical  properties  and  the  characteristics  of 
pyroactive  crystal.  The  thickness  of  dielectric  layer  we  select  in 
such  a way  that  receiver  sensitivity  as  a whole  would  decrease  not 
more  than  in  N once. 


Prom  (5.29)  follows  that  in  the  absence  of  the  layer 


7 = A 1 — - b) 

1 p (d  — ft)  tii  |i  ('</_  i,)~  • 


The  introduction  of  the  dielectric  layer  between  the  heater  and  th° 
pyroactive  crystal  lowers  the  taken  from  crystal  signal  in  N once. 
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i.  e.  , 

1 7,  | = A/ 1 7 1.  (5.31) 

Substituting  in  (5.31)  the  values  '7  and  7,  from  (5.29)  and 
(5.30)  and  by  expanding  hyperbolic  functions  in  a series  i n|  J/ (fr  — a)  J, 
we  will  obtain  with  (d  — b)  > 2 

A'2  = -2JLr  g)  Kl0"**?!-  q.  I.  (5.32) 

Pro*  condition  (5.32)  it  follows  that  for  an  increase  in  the 
thickness  of  dielectric  layer  without  a considerable  reduction  in  the 
removed  from  sensing  transducer  and  deterioration  in  the  working 
frequency  range  it  is  necessary  to  select  the  materiaL  of  dielectric 
layer  with  the  largest  possible  thermal  conductivity  k3,  but  the 
values  of  the  quantities  of  pyroactive  crystal  k4  and  C*  must  be  as 
far  as  possible  smaller. 

Table  5.2  gives  the  corrected  values  of  the  thicknesses  of 
dielectric  layers  from  the  different  materials  with  different  u0 
whose  introduction  lowers  the  removed  from  pyroactive  crystal  signal 
not  more  than  1.5  times. 
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Table  5.  2. 


MaTcpHasi 

npocyioiiKH 


LiF  1 4 1 
(.•Kwapu  1 4 1 
A I.O:,  |2S| 
Beb  | 70 | 


weaam 


0, 1 42  0,275  0 007  0,0275  0,001.7 

0,070  0,|.'17  0,033  0,0I37|  0,00.!! 

0.29G  0,580  0,13!)  0,058 


0,058  0.01300 
0,453  0,100 


0,00275 
0,001  17 
0,0058 
O’o  153 


I Im|)o;ik  mi  hum  kpik- 
ia.w.i  nuO|.an  1 1C, 
y KOTopnro 

il)e m ■ Lt'K 

c.  =2.548-— 5) 

* t.nJ  epcio’ 

k,  = 0.872  x 
X 10  1 

CM  ■ ff’ll’l 


Key:  (1).  the  material  of  layer.  (2).  V/cn-deg.  (3).  Thickness  of 
layer  for.  (4).  Note.  (5).  Quartz.  (6).  By  pyroactive  crystal  is 
selected  the  TGS,  which  has.  (7).  W»s/cm3 *deg . (8).  B/cm*deg. 

Page  162. 

The  block  diagram  of  installation  with  receiver  is  represented 
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in  Fig.  5.10.  On  sensing  element  of  receiver  1 simultaneously  act  two 
heat  fluxes,  out  of  phase:  the  measured  radiant  flux  w,  sinusoidal 
modulation  of  which  is  realized  with  the  aid  of  modulator  7,  and  the 

heat  flux  II/,, created  by  alternating  current,  passing  through  the 
heating  element  of  receiver.  The  frequency  of  alternating  current  u0 
is  assigned  by  generator  5.  Simultaneously  this  generator  supplies 
frequency  doubler  4 and  through  phase  inverter  6 voltaqe  is  fed  to 
the  modulator,  that  interrupts  itself  radiant  flux  with  frequency 
2w  o* 

two  heat  fluxes  - measured  and  compensative  - affect  the  sensing 
element,  creating  in  : t a resulting  signal.  This  signal  is  then 
amplified  with  selective  amplifier  2 and  is  supplied  to  recording 
instrument  3. 

Measurements  can  be  conducted  through  zero-method.  By  changing 
the  stress  level,  which  feeds  heating  element,  and  the  controls  of 
phase  displacement  it  is  possible  to  attain  equality  zero  of 
resulting  signal.  The  power  of  the  falling/incident  radiant  flux  is 
determined  by  formula  (5.27). 


zero-method  detail  with  the  high  accuracy  cf  measurements 
possesses  essential  deficiency/lack  - inertness,  since  is  required 
considerable  time  for  compensation. 


DOC 


7711 0046 


Promising  can  turn  out  to  be  the  phase-meter  method,  in  which 
the  relation  of  two  heat  fluxes  is  proportional  to  the  phase  angle 
between  their  vectors  [ 10].  during  the  rational  selection  of  the 
initial  phase  angle  it  is  possible  to  obtain  the  quasi-linear 
dependence  of  the  relation  of  two  values  within  the  limits  of  two 
orders  of  change  in  one  of  them.  This  method  of  measurement  is,  in 
principle,  high-speed/velocity. 

The  described  pyroelectric  radiation  detector  can  be  used  as  the 
absolute  meter,  which  completely  absorbs  electromagnetic  radiation 
and  which  does  not  require  any  calibration,  the  latter  is  provided  by 
the  very  principle  of  its  work.  Total  absorption  cf  the 
falling/incident  to  radiation  detector  can  be  attained  because  of 
geometric  form.  If  pyroelectric  receiver  is  prepared  in  the  form  of 
15-degree  wedge,  its  enissivity  can  be  drawn  nearer  the  absorptivity 
of  absolute  blackbody  (e„  ~ 0,95). 

The  creation  of  "black"  pyroelectric  receiver  for 
emission/radiation  measurement  by  substitution  method  can  be  one  of 
the  methods  of  the  realization  of  the  standard  receiver  optical 


range. 


Fig.  5.10.  Block  diagram  of  installation  for  e 
measurement  according  to  substitution  method: 
receiver:  2 ~ selective  amplifier;  3 — output 
doubler;  5 - the  master  oscillator;  6 - phase 
modulator. 


mission/radi at  ion 
1 - pyroelectric 
meter;  4 - frequency 
inverter:  7 - 


N 
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68.  Work  of  receivers  on  high  modulation  frequencies. 

Already  first  works  [68]  on  recording  emission  impulses  with  tne 
aid  of  pyroelectric  receivers  showed  that  in  the  range  of  high 

] 

frequencies  are  observed  resonance  of  pyroelectric  current,  which,  as 
it  was  assumed,  will  limit  the  threshold  of  response  of  receiver  at 
high  modulation  frequencies. 

Let  us  examine  the  work  of  pyroelectric  receiver  on  hiqh 
modulation  frequencies  and  examine  the  contribution  of  primary  and 
secondary  pyroelectricity  to  the  total  pyroelectric  effect. 


the  electrical  induction  of  crystal  D as  function  of  elastic 
deformations  u,  of  electric  field  E and  of  an  increase  in  the 
temperature  0 in  matrix  notations  has  the  form 


/> 


( 33) 


where  r° 1 is  a matrix/die  of  the  coefficients,  which  connect 
electrical  induction  with  deformation  r"M  and  \‘l  are  matrix/dies  of 
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dielectric  constant  and  pyroelectric  coefficient  (superscript 
indicate  constant  conditions  of  the  change  of  coefficients). 


Let  the  crystal  plate,  attached  on  support/base,  be  irradiated 
by  the  wodulated  radiant  flux  AW.  In  the  plate,  irradiated  side  of 
which  is  covered  with  the  thin  layer  of  black,  polar  axis  is 
perpendicular  to  its  plane. 


Current  density,  passing  through  the  plate,  is  equal  to: 


/*  — C»  «r£r  4* 


1 0DX 
4 n ' >)/  ' 


where  0j[x  - the  component  of  the  tensor  of  electrical  cond  uctivity. 


By  substituting  expression  (5.33)  in  (5.3U)  and  by  averaging 
current  density  according  to  the  thickness  of  crystal,  we  will  obtain 


d-i  = *\jExdx+  J-. 


+ f | Exdx  -I-  y"  J H (x)  r/xj , 


where 


a.i? 
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Pa  ge  165. 


the  value 

d 


If  we  designate  RKp  = ^ — resistance  of  plate;  rh 
of  load  resistanca;  CKD  = - the  capacitance/capacity  of  plate;  f £ 

K 4jiJ  J 

= — //?„(/=  /.40),  then  we  will  obtain 


4n 


■ y‘  -fr ( it  ,f  “w*  + 7 


''I 


(5.36) 


Thus,  the  complete  pyroelectric  current,  which  takes  place 
through  the  plate,  consists  of  two  members:  the  first  member  in  the 
riqht  side  of  expression  (5.36)  is  determined  ty  primary 
pyroelectricity,  the  second  - secondary.  In  this  case 

J-T  = -nr  ■ ir ) u^dx-  (5.37) 

o 

Since  «».  — where  «,  - the  shift  of  plate  into  direction  x,  from 

equation  (5.37)  wa  will  obtain 

*=  • 4- 1“.  w - “•  (°)l  - - -SJ-  • l“. (0)1  (5-88) 


t/jr 
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(«,  (d) 

equal  to  zero  in  connection  with 
end/lead  of  the  plate)  . 


the  rigid  attachment 


of  o no 


From  expression  (5.38)  it  follows  that  the  secondary 
pyroelectric  currant  completely  determined  fcy  the  shift  of  the  upper 
surface  of  plate. 


During  irradiation  of  plate  by  simulated  radiant  flux  at  hioh 
modulation  frequencies  the  radiation  absorption  occurs  in  essence  in 
surface  layer.  As  a result  of  thermal  expansion  on  the  surface  of 
plate  act  the  thermal  stresses,  which  are  balanced  elastic,  so  that 
the  total  stress,  which  acts  on  the  surface  of  plate  in  the  di  ection 
of  ¥-axis#  is  equal  to  zero  (surface  of  plate  is  free): 

a"r  = cKuxx  — c*ar8  = 0 (x  = 0),  (5.39) 


where  c*  - the  component  of  the  tensor  of  elastic  hardnesses,  a <*T 

is  a coefficient  of  thermal  expansion,  change  in  the  thermal  stress 

in  the  remaining  cross  sections  of  the  plase  can  be  disregarded 
since  8 |x)  <8  (0). 

. Therefore  for  the  calculation  of  the  shifts  of  plate, 
which  appear  during  irradiation,  it  is  possible  to  use  the  usual 


equation  of  the  theory  of  the  elasticity 

I tPu,  dPux 

IT  ' ~dO  dx'  ’ 


(5.40) 


|/"y  - the  speed  of  sound  in  crystal  in  direction  x;  p is 


will!,-*  0 

density  of  crystaL. 


¥ 
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Bound  ary  conditions  they  are 

SI  o = «,  6(0,0  (surface  is  free); 

mx(c/)=0  (surface  is  rigidly  attached).  <5. 40a) 

The  temperature  of  the  surface  of  plate  is  located  from  the 

solution  to  the  equation  of  the  thermal  conductivity 

''2H  - ... 

dt  ~ X ,tx* 


un 


der  the  following  boundary  conditions  (heat  losses  are  small): 


ae 


eu  = n, 


(6.42) 


where  x.  A - the  coefficients  of  thermal  diffusivity  and  thermal 
conductivity.  If  Aft' (/)  ft*  (1  + V ""'), 

8 (0.  I)  = -El  th  lidr  Hltr 


(5.43) 
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where 

'-0+oK^;  e„  — iii  hd. 


The  solution  of  equation  (5.40)  under  boundary  conditions 
(5.40a)  and  taking  into  account  solution  (5.43)  assumes  the  form 
f 13] 

(0.  /)  = - - tg  ( ± d)  e <5.1 1) 


By  substituting  expression  (5.44)  in  (5.38),  we  will  obtain 


i (<•>)  j - in  . . 

T :ul  a<  v i:  * f.  'M  *’ 


(•5-45) 


At  frequencies  w = >on  - v * (2n  + 1)/2d,  n = 0,  1,  2,  3, 
resonance  of  second  pyroelectric  Current.  For  example, 
TGS,  in  which  p - 1.7  g/cm3  <„  - 0.5*10**  dyn/cm,  d = 
the  cyclic  frequency  of  the  first  resonance 


3 


I 

" it 


in 


. hi. 


. . . , begins 
for  crystal 
2*10“*  cm. , 


For  the  experimental  study  of  the  work  of  pyroelectric  receiver 
on  the  hiqh  frequencies  of  modulation  r 13  ] was  utilized  dual  optical 
modulation  of  laser  beam  from  OKG— 12:  in  high  frequency  with  the  aid 
of  the  modulator  3LHSh-100  and  on  low  - with  the  mechanical  timer, 
assembled  on  the  basis  of  polar  relay  FP-4.  The  removed  from 
pyroelectric  sensing  transducer  after  the  cathode  follower,  assembled 
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or  lamp  6SlZh,  was  supplied  to  the  selective  microvolt  meters  V6-6 
and  V6-  1) . 


Page  166. 


After  dual  detection  and  the  contraction  of  passband  to  several 
hertzes  the  signal  was  recorded  being  investigated  by  voltmeter. 


The  sensing  elements  0f  receivers  were  fastened  during  fine/thin 
suspensions  are  attached  to  solid  basis/base.  Was  studied  the 
dependence  of  the  relative  value  of  output  signal  from  frequency  at 
the  different  irradiated  electrodes  of  receiver  and  at  work  on 
fundamental  absorption  of  pyroactive  crystal  (Fig.  5.31). 


With  a decrease  in  the  thickness  of  the  blackening  coating  from 
50  to  3.5  m the  cut-off  frequency  i05  qrow/rises  from  0.9  to  20  kHz 
(curves  1-4).  These  results  qualitatively  will  agree  with  formula 
(4.77).  During  the  production  of  semitransparent  silver  electrodes  of 
thickness  1400,  300  and  180  A (curves  5-7)  frequency  receiver 
responses  are  improved. 
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Fig.  5.31.  Frequency  dependence  of  the  output  signal  of 
TGS-pyroel ectric  receiver  as  function  cf  thickness  and  material  of 
the  irradiated  electrode:  1-4.  zloty  black  with  a thickness  of  50; 
30;  11  and  3.5  p;  5-7  - semitransparent  silver  electrode  with  length 

of  1400,  300  and  180  A. 

Key:  (1).  rel.  un.  (2).  Hz. 


5, 


fi-9*  5.32.  Spectral  characteristics  of  the  pyroelectric  receivers:  1 
- gold  black;  2 - semitransparent  electrode. 


Key:  (1).  rel.  units.  (2).  p. 


Page  167. 

In  this  case  spectral  characteristic  is  made  only  worse  at 
wavelengths  less  than  3 p (Fig.  5.32). 


\ 
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At  modulation  frequencies  above  100  kHz  are  observed  the 
resonance  phenomena,  especially  powerful  of  the  crystals, 
strengthened  to  solid  basis  (Fig.  5.33).  It  was  establish/installed 
Tby  13  1 that  a guantity  of  maximums,  their  amplitude  and  position  on 
frequency  scale  depend  on  the  geometric  dimensions  of  specimen/sample 
and  method  of  its  attachment,  but  they  do  not  depend  on  the  value  of 
electric  field  and  value  of  load  resistance. 

By  decreasing  the  thickness  of  crystal  and  by  eliminating  the 
effect  rc-  of  input  circuit,  it  is  possible  to  lower  its  own  time 
constant  of  pyroelectric  receiver  to  values  less  5«10~8  s. 

That  as  at  an  t iresonance  frequencies  u = v irn/d  (where  n = 1,  2, 
3)  the  contribution  of  the  secondary  pyroelectricity  is  equal  to 
zero,  that  it  is  possible  to  experimentally  determine  primary 
py roelectricity  at  these  frequencies.,  in  the  presence  of  resonance 
appears  the  possibility  of  an  increase  in  the  sensitivity  of 
pyroelectric  receivers  in  the  range  of  resonance. 
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Key:  (1).  rel.  un.  (2).  kHz. 
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59.  Input  units  to  pyroelectric  radiation  detectors. 


The  pyroelectric  radiation  detectors  are  capacitor  elements,  and 
therefore  they  possess  high  resistance.  This  creates  the  determined 
comp] exities  during  their  agreement  with  input  cascade/stage.  The 
matching  cascade/stage  must  have  high  entry  impedance  and  small  input 
capacitance,  the  necessary  frequency  characteristic  and  low  inherent 
noise  level.  These  requirements  are  difficult  to  combine,  since  the 
lamps,  which  work  in  the  mode/conditions  of  hiqh  of  entry  impedance, 

usually  have  large  noises.  Therefore  it  is  difficult  to  develop  the 
universal  low-noise  preamplifier,  which  would  he  suitable  for 
pyroelectric  receivers  of  any  type,  however,  it  is  possible  to 
propose  several  types  of  the  preamplifiers,  which  are  suitable  for 
pyroelectric  receivers,  intended  for  recording  rapidly  and  slowly 
elapsing  processes  f 22  ]. 
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if  we  use  the  equivalent  replacement  scheme  of  pyroelectric 
receiver  and  input  circuit  (see  Fig.  4.  7)  , then  the  R*S  value  the 

current  of  the  equivalent  noise  generator  of  receiver  and  input 
circuit  is  determined  by  the  expression 

* ‘[KT[~r^+  Re (z„)  + n^-) 

where  Re  (£,,)  is  a real  part  of  the  composite  load  impedance. 

At  the  sufficiently  large  values  of  the  load  impedance  and  input 
impedance  of  a tube,  the  RMS  value  of  noise  current  is  determined 
only  by  ca  pacitance/capacit  y CK„  and  by  value  tq  6 the  reception 
cell/element : 

I IKp  - I 4A7A^0//?K[,  — | nKTnCKp  tg (S/A/VU1.  (.r>,47) 


1 


The  signal-to-noise  ratio  taking  into  account  the  noises  of  input 
time  is  determined  by  the  expression 


I ul 


I T2JZ^\2  \- 'el 


(5.48) 
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where  Z„f.,a  - the  total  impedance  of  detector  and  input  ciccuit.ci 
the  mean  square  of  the  voltage  of  the  equivalent  noise  generator  of 
lamp.  From  equivalent  diagram  and  the  analysis  cf  equation  (5.46)  and 
(5.48)  it  follows  that  as  the  criterion  of  the  optimum  character  of 
the  mode/condit ions  of  the  work  of  lamp  it  is  possible  to  take  the 
maximum  the  ratio  of  the  input  impedance  of  a tube  to  its  equivalent 
noise  resistance  , RBX/RIU 

Page  169. 


If  in  work  with  the  pyroelectric  receivers,  which  possess  the 
small  capacitance/capac  it y 1-10  pF,  appear  difficulties  in  the 
agreement  of  receiver  and  input  unit  on  resistance,  then  in  work  with 
receivers,  whose  capacitance/capacity  is  equal  to  1-10  nf,  the  basic 
difficulty  consists  in  matching  for  noises.  In  the  latter  case  the 
noise  of  input  time  considerably  exceeds  its  own  noise  of  receiver, 
especially  in  work  at  frequencies  more  than  100  Hz.  With  an  increase 
in  the  capacitance/capacity  of  receiver  falls  its  volt-watt 
sensitivity,  which  creates  supplementary  difficulties  in  the 
realization  of  the  threshold  of  sensitivity. 

In  order  that  the  noise  of  lamp  would  not  manifest  themselves 
the  value  of  signa 1-to-noise  ratio,  it  is  necessary  to  attain  the 
largest  possible  value  Z,Alli.  This  it  is  possible  to  achieve,  by 
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including  instead  of  the  ohmic  load  resistance  inductance  L.  In  work 
on  the  frequency  of  modulation  which  is  equal  to  the  resonance 
frequency  of  circuit  fomed  by  inductance  L and  by 
capacitance/capacity  (-m..  occurs  an  increase  in  the  volt-watt 
sensitivity  in  tg6)~l  once  in  comparison  with  usual  circuit  diagram 
(point  0 on  Fig.  5.3<J).  So  many  times  grow/rises  receiver  noise.  If 
noise  of  lamps  considerably  exceeds  the  noise  of  sensing  element, 
then  after  supplying  instead  of  the  load  resistance  inductance,  we 
will  obtain  a considerable  increase  in  the  signal-t. o-noise  ratio  at 
resonance  frequency,  a deficiency/lack  in  this  diagram  is  the 
narrow-band  char act er i st ic,  due  to  which  it  cannot  be  used  for 
recording  the  rapidly  elapsing  processes  and  suitable  only  for  a work 
with  the  periodically  modulated  radiant  fluxes. 

The  shift  of  resonance  frequency  conducts  by  the 
connection/inclusion  of  series  capacitor.  Are  possible  ♦■hree  versions 
of  the  connection  of  supplementary  ca paci t a nce/ca paci t ies  (Cj-C,). 
Capacitor  Ct  displaces  operating  point  to  the  side  of  lower 
frequencies.  Since  the  resistance  of  the  losses  of  sensing  element  of 
receiver  A>Kr.  corresponding  to  parallel  replacement  scheme,  falls  with 
a frequency  division,  the  volt-watt  sensitivity  of  resonance  diagram 
on  low  frequencies  somewhat  decreases  (curve  1).  Adding  C2  or  C3,  we 
displace  operating  point  to  the  side  of  more  high  frequencies  (curves 


2.  3) 
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The  volt-watt  sensitivity  of 


pyroelectric  receiver  with 


inductive  load  (hy  dotted  line  is  shown  volt-watt  receiver 


DOC  = 77120846 


PARE  2V 

sensitivity  with  resistive  load). 

Key:  (1).  v/W.  (2).  Hz. 

Page  170. 

However,  addition  C3  leads  to  the  fact  that  the  entrance  of  lamp 
enters  not  all  resonance  stress,  but  only  the  part  of  it, 
proportional  C3/C2  ♦ C3.  A decrease  in  the  curve  2 at  high 
frequencies  is  caused  by  by-passing  the  stray  capacitance  of 
inductance  coil,  the  given  curves  are  constructed  for  a spherical 
pyroelectric  receiver  with  the  capacitance/capacity  6000  pF  value  tg6 
- 0.05,  and  also  with  inductance  L = 20000  H. 

During  work  with  the  receivers,  which  have  a small 
capacitance/capacity  (1-10  pF) , the  primary  attention  one  should  give 
to  an  increase  in  the  entry  impedance  and  to  a decrease  in  the  input 
capacitance.  Receiver  noise  and  input  circuits  ace  sufficiently  great 
at  low  frequencies,  and  the  noise  of  lamp  do  not  affect  the  value  of 
siqnal-to- noise  ratio.  Best  of  all  approaches  for  this  lamp  6S1Zh  in 
the  mode/conditions  of  cathode  follower  with  the  lowered/reduced 
anode  and  filament  voltaqes  (Tabl.  5.3).  It  input  capacitance 
determined  by  grid  capacitance  - the  anode  and  by  the 
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capacitance/capacity  of  lead  wires,  can  be  lowered  to  1.5  pF. 

The  active  component  of  entry  impedance  it  is  possible  to 
determine  at  frequency  0.1  Hz.  Is  observed  the  powerful  dependence  of 
entry  impedance  from  the  value  of  cathode  load,  the  best  results  are 
obtained  at  values  of  = (15-20)  anyone.  The  frequency  dependence  of 
the  RMS  value  of  the  noise  voltage  of  lamp  in  these  conditions  is 
given  in  Fig.  5.15  (curve  1). 

In  a number  of  cases  for  the  larger  operational  stability  of 

pyroelectric  receiver  to  it  one  should  supply  the  small  bias  voltage 

1-2  V. 

Table  5.1. 
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Key:  (1).  Number  of  curve.  Fig.  5.35.  (2).  Type  of  lamp.  (3).  in. 

(4).  anyone.  (5).  ohm.  (6).  Hz. 


Fig.  5.35.  The  noise  spectrum  of  input  cascade/stages  to  pyroelectric 

receivers  (numbers  of  curves  in  figure  corresponds  to  numerals  in 

Table  5.  3)  . 

Key:  (1).  V/Hz»2.  (2).  Hz. 
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Tn  order  not  to  place  special  power  supply,  in  diagram  with  cathode 
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repeater  load  resistance  they  connect  up  not  to  the  earth/ground,  but 
to  part  of  the  cathode  resistance.  The  noises  of  cascade/s taqe  in 
this  case  virtually  are  not  changed. 

In  work  with  the  receivers,  which  possess  great  caoacity  (1-10 
nf ) , when  is  not  used  diagram  with  inductive  load,  the  input 
impedance  of  a tube  it  can  be  small  (0.1-1  Gohms)  , but  is  necessary 
low  noise  level.  The  best  results  were  obtained  with  lamps  6S15P  and 
6S51Yu  [22],  working  in  amplifier  mode/conditions  (curved  2 and  .1 
Fig.  5.35).  The  inclusion  of  the  lamps  indicated  into  the  circuit  of 
cascade  amplifier  gives  essential  improvement  not  on  noises,  but  on 
entry  impedance. 

For  a work  with  the  receivers,  which  possess 
capacitance/capacity  0.1-1  nf,  it  is  possible  to  use  preamplifiers 
with  the  entry  impedances  of  10  Gohms.  For  these  purposes  approach 
the  amplifiers  to  6S1Zh  and  6Zh17.h  in  triode  connection/inclusion 
(curved  4,  5 Fig.  5.15).  Here  especially  it  is  exhibited  contradicts 
the  requirements  for  high  for  entry  impedance  and  low  noise  level. 

For  example  decrease  in  the  resistance  of  cathode  bias  gives  a 
decrease  in  the  noises,  but  simultaneously  it  leads  to  a decrease  in 
the  entry  impedance. 

For  work  in  the  pulsed  made  most  suitable  is  a cathode 
follower  on  a bSIZh  since  it  possesses  a large  passband. 

In  connection  with  the  fact  that  fcr  a decrease  in  the  threshold 
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of  response  of  pyroelectric  receiver  is  necessary  the  high  input 
resistance  of  the  matching  cascade/stage  on  the  low  level  of  its 
inherent  noise,  the  promising  solution  to  this  question  can  be  found 
during  the  creation  of  the  composition  instrument,  which  is  the 
combination  of  pyroactive  crystal  and  FDP  (metal  - dielectric  is  a 
semiconductor)  of  transistor.  The  possibility  of  designing  of 
composition  instruments  of  such  type  was  published  in  works  [75, 

107],  The  operating  principle  of  pyroelectric  field  instrument  (so  it 
is  possible  to  call/name  instruments  of  such  type)  consists  of  the 
following  (Fig.  5.36).  During  the  chanqe  in  the  temperature  of 
pyroactive  crystal,  caused  by  irradiation,  on  its  armatures  appears 
charge  [10  7] 

\q  =-  yA„A'f\  (5  .jgj 

where  AT  - the  average  temperature  increment  of  crystal. 

In  the  case  of  the  plane- parallel  plate  of  the  pyroactive 
crystal 

A<?  =■■  AV,  (5.50) 


where  av  is  a change  in  the  stress  on  gate. 
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Pig.  5.86.  Schematic  of  pyroelectric  field  instrument. 


Key:  (1).  Pyroactive  crystal.  (2).  Electrodes  dielectric.  (8). 
Source.  (4).  Flow-  (5).  Conducting  channel.  (6).  Support/base. 
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From  expressions  (5.49)  and  (5.50)  we  obtain 


‘M7  _ “Iny  d 

t\f  ~ 7 


(5.51) 


If  we  designate  the  slope/transconductance  of  the  field  of  instrument 

Hr,  (a/ohm)  , then 

a7.m;ui  _ *nydg„ , 

Af'  * 


(5.52) 
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where  A7M;1II  is  a current  of  f 1 


ow. 


With  sinusoidally  nodulated  radiation  flux  » = ,,  , 

according  to  expression  (5.12,  and  to  relationship/ratio  i.caT  . » 
vill  obtain  for  an  alternating  current  component 

I AVxt.1  ~ r,  (5  53) 

Thus,  under  the  action  of  radiant  flu,  w„  occurs  a change  in  the 
current  of  the  flov  of  field  instru.ent. 

one  of  the  possible  electrical  circuits  is  sho.n  in  Fig.  5.37, 
-here  is  represented  the  exposition  instru.ent.  vhich  is  the 
combination  of  pyroacti.e  crystal  „i,„  the  »0s  transistor,  connected 
according  to  the  diagram  of  cathode  repeater. 


we 


Relationship  about  the  use  of  a pyroelectric  receiver  in  the 
circuit  of  solid-body  amplifier  are  given  in  vork  f8h).  The 
distinctive  special  feature/peculiarity  of  the  developed  meter  is  the 
uniform  response  up  to  frequencies  1 MHz. 
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Pig.  5.37.  The  electrical  circuit  diagram  of  the 
semiconductor  device;  p - pyroactive  crystal;  MCP 
dielectric  - semiconductor;  H - gate. 
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The  idea  of  the  creation  of  the  bolometers,  which  use  a 
temperature  dependence  cf  the  impedance  of  dielectrics,  is  proposed 
by  Moon  and  Steinhardt  in  1938  [10]-  Somewhat  later  appeared  [8],  in 
which  were  described  the  characteristics  of  the  bolometers,  prepared 
from  the  thin  film  of  nitrobenzine.  However,  threshold  sensitivity 
and  the  inertness  of  dielectric  bolometers  were  worse  than  of  ether 
thermal  radiation  detectors,  and  interest  in  them  for  some  time 
disappeared. 


Into  1961  Henel  conducted  the  calculation  cf  ferroelectric 
bolometer  as  lumped  systems  and  it  showed  that  the  threshold 
sensitivity  of  ideal  thermal  receiver  [9].  The  calculation  was 
carried  out  by  the  author  without  taking  into  account  of  the 
nonuniformity  of  the  distribution  according  to  the  thickness  of 
sensing  element  at  modulation  of  radiation  flux,  electrothermal 
interaction  and  dependence  of  the  characteristics  of  ferroelectric  on 
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fempe  rature,  electric  field  and  frequency-  In  wcrk  [4]  the 
calculation  of  ferroelectric  bolometer  is  approximated  to  actual 
conditions. 


§1-  Volt-watt  sensitivity  of  bolometer. 


Let  us  examine  the  work  of  the  ferroelectric  bolometer,  which 
consists  of  working  and  compensative  cell/elements,  in  the  bridge 
circuit  of  alternating  current  (Fig-  6.1)  near  equilibrium.  During 
irradiation  of  sensing  element  of  bolometer  its  impedance  changes 
by  value  A Z,.  If  changes  AZ|  are  so  small  that  the  value  of  current  7, 
virtually  does  not  change,  an  incremental  stress  in  the  diagonal  of 


bridge  takes  form  [6] 


-•  7.tAZ,Z„U 


|Z„  (4.  Z,)  Z,  (Z3  ~f*  Z,)|  (Zj  Z„) 


If  before  irradiation  Zl  - Z2  and,  correspondingly,  Z3  = Z«,  then 

All  — , — ZjAZtZ,,?/ 

(Z,  + Z,)  (Z„Z,  Z,  <Z„  + 2 zW  • 


Page  177- 


The  optimum  conditions  of  transmission  are  reached,  when  Z3  » Zt  and  /, 
» Z 3-  In  this  case  equation  (6-2)  is  reco td/w r it  ten  in  the  forn 
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where  V = Z,/Z3) U - stress  on  bolometer. 

A (0.3) 

Virtually  optimum  conditions  easily  are  realized  with  the 
connection  of  the  bridge  of  bolometer  tc  electrcn  tube  with  input 
capacitance  CKX  ^ (.{ 41  by  pFfZ,,^:^1  ).  Equation  (6.3)  is  sufficiently 
correct  with  the  capacitance/capacity  of  bolometer  1000  pF  and  with 
Z3  - Z*  = 1/iu0C3,  where  C3  = 100  pF. 

For  determining  value  AZi/Z,  in  equation  (6.3)  let  us  examine 
the  parallel  replacement  scheme  of  sensing  element  of  bolometer  (Fig. 
6.  2)  . 


Let  us  assume  that  the  crystal  is  heated  tecause  of  the  heat, 
caused  by  Joule  losses,  and  because  of  irradiation  by  radiation  flux 

W„  <1  -i-  X'"'). 

Let  us  break  crystal  irto  n of  the  se r les -connected 
cell/elements  with  surface  b and  thickness  Ay. 


The  impedance  of  the  k cell/element 
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= R * 

I + i o), A,’(, 

I + < t«  ^ _ 

'«hAO  + (•/«*) 


(fi.4) 


where  C,  B and  tg  6 - capacitance/capacity,  resistance  and  tangent  of 

the  angle  of  the  dielectric  losses  of  cell/element ; «0  - supply 
frequency  of  bridge. 


Then  for  sensing  element  of  bolometer  it  is  possible  to  write 


Z.  - v z ^ v LHtgfr 


(6.5l 


If  the  capacitance/capacity  of  any  cell/element 


r — 'lhl 

' * b . . 


4 JT  V 


a the  number  of  cell/elements  n — ^ - with  Ay 


Z = -1ji  I 1 1 -t  1 ItfA  ( Ml  lhl 
1 ' .)  iu,^(r>Mn  + ' 


-*>  0,  then 

(6.6) 
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4.,cr.  c./. 

■1 


Fig.  6.1.  The  bridge  of  ferroelectric  bolometer  (a)  and  it  is 
equivalent  diagrams  aft  of  substitution  (b):  2 i * Z2#  Z3  and  Z4  are 
ratio  arms;  a.  and  /„  are  exit  and  lead  resistances;  j and)  ej 

are  noise  of  bridge,  the  loads  and  the  supplementary  noises  of 
bolometer;  0 (f0)  - the  supply  voltage  cf  htidge;  A U - the  equivalent 
voltage  of  signal. 


Page  178. 

The  dielectric  power  factor  tg  6 and  the  dielectric  constant  F are 
the  function  of  the  temperature,  which  in  turn,  depends  on  coordinate 

y- 


771 J0H46 


DCC  = 


PAGE  -T" 

41V 


To  irradiation  the  temperature  of  any  cell/element  was  equal  to 

70,  and  the  resistance  of  bolometer  can  be  written  in  the  form 

7 1 ■ = 

" io.,/;  (7'„l  1 1 f-lc*  6 (7*„)| 

Z,  (/’„)■  (fi.7) 

unnj  irradiation  the  temperature  of  the  crystal 

T Ta  + 9(i,.t).  (6.8) 

If  one  assumes  that  increases  in  the  temperature  0 (y,  t)  are  small 

due  to  weak  radiation  fluxes,  then  temperature  dependences  < and  tg 
6 can  be  presented  linearly  depending  on  temperature 

r\T0  p 0(y.  01  r (7’u)  I * «,«(//. /)|  and  tg 6 (T0  + «(«/.  01  “ te(7’n)|l  + Y«e(//-  01- 


Then 


Zl|7',  f0(_i/.  01  = ( 


4.1  ;i  g 1 6 (7~0>  [ 1 

7o.0f  (7„)  h/|l  a,H  (u.  /)|  1 1 -I- 


+ (y.  01)  <0/ 

hi1# (7-„)  1 1 -I  Y6«  (v.  Op)  ’ 

(6.10) 


where  a>  and  Y ft  are  temperature  coefficients  of  values  t and  tg  6 
respectively.  Being  limited  in  equation  (6.10)  to  the  terms,  linear 
cn  temperature  increment  b (y,  t) , we  obtain 


AZ,  |B  (»■  0| 
Z,  ( T„ ) 


Y 0 t!i  A (T„)  fl<f 
|l  +tgsfi(T„)|"'5 


»(ff,  0. 


(0.11) 


where 


HO/,  n - — [«(;/.  Orf;/; 
6 

(p=arctg|-tpWl> 


(6.12) 

(6.13) 


DOC  = 77130846 


PAGE 

4^3 


By  using  expressions  (6.3)  and  (6.11),  it  is  possible  to 
determine  the  volt-vatt  sensitivity  of  tolometer  by  the  formula 

c At/ 

AIP  ' 


Fig-  6.2.  Replacement  scheme  (b)  c£  the  irradiated  ferroelectric 
bolometer  (a);  I - crystal;  II  - support/base. 


Page  179. 


§2.  The  thermal  design  of  ferroelectric  bolometer. 


The  determination  of  the  average  value  of  temperature  increment 
in  crystal  in  transit  through  it  of  alternating  current  of  frequency 
u0  and  during  irradiation  of  its  surface  by  the  radiation  flux  W 
composes  the  thermal  design  of  bolometer. 


Let  us  examine  arbitrary  crystal  element  (see  Fig.  6.2)  bl6y  and 
compose  for  it  the  equation  of  the  heat  balance: 

cblby  = kbldiy  + Q(y,  0),  (6.14) 

where  Q (y  , «)  is  the  power  of  Joule  losses,  isolated  in 
cell/element;  c and  k is  specific  heat  and  the  coefficient  of  thermal 
conductivity. 


It  is  possible  to  write 


Q (11,  H)  (<->,  (/)  (if,  B)  |g  (S  (B,  I/)  zx 
t w’<"„  h>  b (T„)  1 1 I-  (Yf,  — a,)  «|  by 
t(Ta)bl 


(6  15) 


where  g is  a charge.  Then  equation  (6.14)  taking  into  account 

relationship/ratio  (6.15)  during  division  into  value  cbl6y  for  range 

I (crystal)  will  take  the  form 

-^t  _ *1  d*fti  . hi <1  o)  1 1 -1-  (Yfl  — otr)  rt, J e (T0) 

dt  c,  ■ ,v  + 4^ , (6.16) 

where  E0  - the  average  strength  of  field  in  crystal.  Equation  (6.16) 
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can  be  written  in  the  fora 


= n,  -^0—  + ('/.  0 + 6,  (6. 1 7) 


where  n.  = -1 

" fi 


- the  therial  diffusivity 


/,>>„>'  (7'„)  tg  fl  ( / „) 
A~(  4^ 

/I 


Va  — 


(6  l'a) 


The  solutions  to  equation  (6.17)  for  a crystal,  and  also  the 
homoqer.eou s equation  of  theraal  conductivity  for  a support/base  can 
be  conducted  under  the  following  boundary  conditions: 


ft,  I +W, !«,(</.  DUo-e.*. 

*,  [ -d9‘4~>  |_rf  + |H,  (V,  OUw  = *, 

ie,(j/.  oiv.  i = 0. 


(I  + f"">  = 0; 

I 1 

L °»  h-o 


; (6. 1 8) 


Page  180. 

The  adopted  designations:  Hy  — 4oc.Ki7o;  Ht  *=  AocrtT]’,  p,  and  p".  - the 
emissivity  of  the  front/leading  and  back  side  of  receiver;  r„  - the 
absorptivity  of  "black",  - Stephan's  constant;  d is  thickness  of 

ferroelectric  crystal;  1 - d the  thickness  of  support /base ; H,  (y, 
t)  and  H,  (y,  t)  are  a temperature  increment  in  any  point  of 
ferroelectric  and  support/base  in  the  moment  of  time  t. 
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The  average  temperature  increment  of  sensing  element  of  receiver 
in  steady  conditions,  caused  by  dielectric  losses  and  the  constant 
component  of  radiation  flux,  takes  the  following  form: 


F { tli  xd  -j 


(I  — sch  xd)  2/i,  li2  (/  — d)  4-  — 
kx 


©i  (</.  0 = 


<\  + f>z)  (l-d)  + 


4*2 


tli  xd 


xd  I I 4- 


(Ms  + *2)  V-d)  + ~ 
21 


* (A,  -h  h2)  (/  - d)  + T- 


WVoj  /-,(/- 


d)  + 


1 (I — schxd) 


-f(/  — d)  tli  xd 


+ 


<V'»  + x»)(/-d)  + /i,  -i- 

A’i 


</,  + h ) (/  - d)  -f  -A 


— (V<5  — <*f) 


(6.19) 


where 
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The  variable  component  of  radiation  flux  heats  sensing  element 
cn  the  value  whose  value  can  be  written  so 

01  (y'  “•  f)  = |Af  ( 1 ~ + N th  M e'*,  (6.20) 

where 


age  181. 


M 


1 ■ ^1 

> l + -r-~‘hp,(/-d) 
R2  P* 

*.P,  chp.djj 

, , *i  (*,  — ftj  , 

fj,  ^ ~ d)  + 

+ 


[x+x- 


<P,  + Md 


‘h  P,(l 


— d)J  th  p.djj 


p,(l  — d)  

I (/?,  { //..) 

*Ad>M  i h - J)  + 

l Ps 


-+A.. 

pf  i ii,'h 

Ihp,  </-d)jtbp,d| 

1 P. 

k.. 

i'iTv. 

: I) 

■f  iA)n*i 

Pa  - (*  + o V : 

(6.21) 


Expressions  (6.19)  and  (6.20)  in  general  term  are  complex,  but 
or  two  in  practice  realizable  cases  they  are  simplified. 


1.  Bolometer  vacuum  (k2  =0).  Then 
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wr  . 


_ „ IV7  f fi  (I  r sdl  Pi</| 
~f°r#c  [ — 


tii  p,<j 
^CTn 


(«1  + ft) 


p;  + Vg 


+ MVM,r,hp‘rf 


M 


l + 


(«  22) 


If  |P,rf|  I £i-?vo(,  e4,  that 


(_)  f»wv 

V-7I  - f».i  k — r - 


"«ii 1 1 1 — A) 


(8.23) 


If  IMI«  1.  that 


e, 


H.1K 


^VTo^i  H-  <■'*> 


((,  24) 


2.  Sensing  element  of  bolometer  is  mounted  on  solid  s uppo rt/base 
and  the  length  of  temperature  wave  in  support/fcase  considerably 
shorter  than  its  thickness,  i.  e.  , I P*  (f  — </)  | > 1. 


If  | Ml  > I.  that 


«i 


Pi’d*, 


If  IP|d|  < 1,  that 


(6.2.'  i 


H 


I -TK 


(A..p,  Ml) 


_F,U  

*:pj  H <„rj! 


(fi.2i  : 


Expressions  for  a volt-watt 
using  relationship/ratios  (6.3), 


sensitivity  can  be  obtained,  after 
(6.11),  (6.20),  and  also  (6.22)  - 
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(6.26)  . 


For  the  vacuum  ferroelectric  bolometer 


•S'  = 


ii 


MoW,  (I  — .1)  \lt 


V»  l 

II  t:  ft(r„)|0’5  r 


(0.27 1 


If  a.  » y«  tg  6/( l 4 tg*  6/’  that 

|5„aK|  = Wo 

“o',  (I  A-)"-r'hl 


(G.2^i 
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For  a ferroelectric  bolometer  on  solid  basis  volt-watt 

sensitivity  with  |M|>I  and  | P„  (/ — d)|»l  also  is  described  by  formula 
(6.28)  . 


If  IP*  (/  — </)!»  I.  but  |p,rf|  |t  that 


STt  = -—-Is^ L ■ y»  tg  6 (T„)  e""  | (G.29) 


§3.  Electrical  fluctuations  in  ferroelect 


r ics 


The  fluctuation  phenomena  in  ferroelectric  bolometers  are 
determined,  in  essence,  by  the  processes  of  dissipation  and 

repolarization  with  the  supply  of  bolometer  from  the  source  of 
alternating  current. 
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The  fluctuation-  dissipation  theorem,  demonstrated  by  G.  Kallen 
and  T.  Veliton  in  1951  [5],  establish/installs  single-valued 
ccmmunicat ion/connection  between  the  fluctuations  of  the  physical 
quantities,  which  characterize  the  medium,  and  its  dispersive 
properties.  For  the  spectral  density  of  the  fluctuation  of  the 
voltage  in  dielectric  is  derive/concluded  the  following 
relationship/ratio,  which  is  the  generalization  of  Nyquist’s  formula: 


U ’ (<») 


■I  AT  lufi 
|l  | I y-6)  d)6' 


(6.30) 


As  shown  by  P.  V.  Bunkin  [3],  rluctuation-  dissipation  theorem 
is  used  for  the  description  of  the  spectral  intensity  of 
thermodynamically  equilibrium  fluctuations  in  arbitrary  (nonlinear) 
passive  systems. 


Ferroelectric  bolometer  is  nonlinear  system,  since  its 
capacitance/capacity  C and  the  tangent  cf  the  angle  of  the  dielectric 
losses  tg  6 are  the  functions  of  electric  field.  The  experimental 
check  of  the  applicability  of  formula  (6-30)  shewed  a good 
coincidence  with  theory  (Fig.  6.3). 


In  real  ferroelectric  crystals  in  transit  through  them  of 


alternating  current  appear  the  supplementary  noises,  which 
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considerably  exceed  the  noises,  calculated  by  Nyquist’s  formula. 

Easic  part  of  these  fluctuations  is  connected  with  the  process  of  the 
repolarization  of  ferroelectric.  These  noises  are  analogous  to 
Earkhausen's  noises,  observed  during  the  repolarization  of 
ferromagnetic  materials,  although  their  nature  up  to  now  is  not 
explained. 


The  noises  of  repolarization  are  caused  nonrepetition  of  the 
process  itself  from  one  period  to  the  next. 
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Fig.  6.3.  The  noises  of  dielectric  losses  cf  specimen/sample  made  of 

ceramics  BaTi03:  solid  line  is  a calculated  curve;  0 experimental 
points. 

Key:  (1).  v/Hz.  (2).  Hz. 
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The  current  of  repolarization  has  complex  discrete-  continuous 
spectrum.  It  contains  the  discrete  (regular)  part,  which  consists  of 
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the  harmonics,  to  the  multiple  frequency  of  repclarization , and 
continuous  (fluctuation)  part..  The  investigation  of  fluctuation 
phenomena  during  the  periodic  repolarizaticn  of  ferroelectric  is 
carried  out  by  I.  A.  Andrcnovoy  [1,  2].  By  the  author  was  emitted  the 
spectral  density  of  the  fluctuations  of  current  under  the  varied 
conditions  of  repo  lac izat ion . Measurements  conducted  according  to 
bridge  circuit  (Fig.  6.4).  Bridge  consisted  of  two  f err oel ectr ic 
condensers  C,  and  C2  and  two  lew  resistances  F,  = R2  = 100  ohm. 

The  noise  spectrum  of  repolarization  (without  taking  into 
account  of  effects  near  harmonics)  is  represented  in  Fig.  6.5.  The 
spectrum  of  ceramic  specimen/sa mples  (see  Fig.  6.5a)  is  characterized 
by  frequency  fl#  lower  than  which  the  value  of  spectral  noise  density 
(f)  falls,  and  by  frequency  f2,  above  by  which  also  is  observed 
incidence/drop.  For  ferroelectric  single  crystals  the  noise  spectrum 
(see  Fig.  6.5b)  lirfors  themes  that  he  does  not  have  expressed 
flat/plane  section  with  the  uniform  density  of  fluctuations. 

During  temperature  change  the  noise  spectrum  both  for  the 
ceramic  specimen/samples  and  for  single  crystals  changes,  but  in 
Curie  point  special  changes  are  not  observed  [2]. 


Fig.  6.4.  Measuring  circuit  of  the  noises  of  repolar ization  [ 1 ]. 

Key:  (1).  Analyzer. 

Fig.  6.5.  Noise  spectrum  of  the  repolarization  of  ferroelectric  [2]: 
a)  ceramicist  BaTio3;  b)  single  crystal  TGS. 


Key:  { 1)  . Hz.  (2)  . kHz 


\ 
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Fig.  6.6.  Measuring  circuit  of  the  noises  of  the  stress  of 
repolariza  tion. 


Key:  (1).  Detector.  (2).  Analyzer. 


Page  184. 

For  explaining  the  obtained  dependences  was  proposed  the  model, 
analogous  to  the  model  of  the  processes  of  the  magnetic  reversal  of 
ferromagnetic  materials.  It  was  assumed  that  the  specimen/sample 
consists  of  the  determined  number  of  identical  domains.  The  form  and 
the  value  of  current  pulse,  which  appears  durinq  the  repolarization 
of  separate  domain,  is  identical  for  all  domains,  repolarized  during 
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one  half-period.  The  appearing  noises  are  caused  by  lax  recurrence 
froir.  period  to  the  period  of  the  torque/raoments  of  the  repolarization 
of  separate  domains.  In  this  case  the  fluctuations  of  the 
torque/moments  of  the  repolarization  of  different  domains  are 
independent  and  independent  the  fluctuation  of  the  torque/moments  of 
the  repolarization  of  one  domain  in  different  periods. 


The  noise  spectrum,  designed  on  this  model,  takes  the  form, 
close  to  experimental.  The  process  of  the  repolarization  of 
ferroelectric  according  to  the  existing  representations  consists  of 
two  mechanisms:  the  nucleation  of  the  domains  of  opposite  polarity 
and  intergrowth  of  domain  through  crystal.  The  mechanism  of  the 
or igin/concept ion/ init lat ion  of  antiparallel  domains  bears 
statistical  character  and,  in  essence,  responsible  for  the  emergence 
of  the  fluctuations  of  the  value  of  the  current  of  repolarization. 


V.  B.  Samoilov  [7]  investigated  the  noises  of  the  stress  of 
repolarization  in  ferroelectric  bolometer  near  fundamental  harmonic. 
For  measurements  was  used  the  circuit,  presented  in  Fig.  6.6.  The 
specimen/sample  being  investigated  was  included  in  capacitance 
fridge.  In  this  case  was  observed  the  following  relationship/ratio 


between  the  capacitance/capacities:  Q / C,  » C,.  Bridge  was 

f 

balanced  on  the  fundamental  harmonic  of  the  supply  voltage  of  bridge. 
Noise  voltage  was  supplied  to  the  selective  amplifier,  tuned  to  a 


ft 
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frequency  of  the  supply  of  bridge  f0.  Then  the  intensive  noise 
voltage  entered  the  linear  detector  and  the  detected  signal  - the 
lo*-f requency  analyzer  of  the  spectrum,  with  the  aid  of  which  was 
investigated  the  noise  spectrum  in  the  area  of  supply  frequency  of 
the  bridge  of  bolometer.  Figure  6.7  depicts  the  noise  spectrum  of 
repolarization  in  the  area  of  the  fundamental  harmonic  of  the  supply 
voltage  of  bridge  (f0  = 15  kHz)  for  the  crystal  of  TGS. 

v'F.sm’’  0) 


Fig.  6.7.  Noise  spectrum  of  repolarization  for  ceramics  BaTiOj  in  the 
area  of  fundamental  haraonic  with  the  different  supply  voltagees  of 
the  bridge:  1 - 1 U 2 - 2.5;  3 - 5;  4 - 10;  5 - 20;  6 - 30 ; 7 - 50. 
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Key:  (1) . v/Hz.  (2)  . Hz. 


Page  185. 


?4.  Threshold  of  response  of  bolometer. 


The  output  resistance  cf  the  bridge  of  bolometer  near  the 
equilibrium,  when  the  resistance  of  power  supply  is  great,  is  equal 
to: 


y (Zi  Z.,)  -■  Zt) 

" = (A  + Z,)  (-  iZj-f  Z,t 


1 -I 


Z,  /. 

/,  i /• 

■ A • A 


(6.311 


If  Z j >>  Z,,  then  zH  2Z,  (with  Z,  = Z*).  Tuen  the  PUS  value  of  the 
noise  of  the  bridge  of  bolometer  by  Nyquist’s  generalized  formula  is 
written: 


V 


e<. 


l / SKTi  ;M/ 

' (M  tt'3  fii  di,/.' , 


(6.321 


Analogously  it  is  possible  to  present  the  noise  of  the  load 


V*Kt.\f 


resistance : 


(6.331 
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When  2„  «=  |— — + RK^  > 2Z,.  the  Johnson  noise  will  he,  in  essence, 

determined  by  expression  (6.23). 


The  threshold  of  response  of  ferroelectric  bolometer  takes  the 


form 


9 = ( 4/O  -G A/  -t-  — T-/  'S  - S 


n--2'  °-5 

; w ii  • 


if’.  M) 


The  first  term  in  expression  (6.34)  characterizes  the  actions  of 
temperature  noises  (G  - the  total  coefficient  of  heat  losses),  the 
second  term  is  determined  by  Johnson  noises,  and  the  third  is  caused 
by  the  supplementary  fluctuations,  from  which  most  significant  the 
noises  of  repolarization.  The  value  of  the  fluctuations,  described  w\, 
is  especially  noticeable  with  the  incorrectly  selected  operating 
point.  Besides  the  noises  of  repolarization,  significant  role  can 
play  the  noises,  connected  with  the  dependence  of  dielectric  constant 
on  electric  field  during  the  fluctuations  of  the  supply  voltage  of 
hr idge. 


If  value  is  low,  then,  by  increasing  the  frequency  of  the 

supply  of  bridge  u0,  it  is  possible  the  second  term  in  equation 
(6.34)  to  make  comparable  with  the  first,  if  the  dielectric  power 
factor  tg  6 and  the  volt-watt  sensitivity  S in  this  case  are  not 
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strongly  change. 


The  analysis  of  the  obtained  expressions  makes  it  pos 
make  some  conclusions  in  the  selection  ratio  of  the  operat 
temperature  and  supply  voltage  of  bridge.  The  expression  f 
(6.17a)  , proportional  (y«  — a,),  characterizes  electrotherma 
interaction.  Depending  on  the  sign  of  temperature  capacita 
coefficient  electrothermal  communication/ccnnection  ei 
decreases  value  A (in  work  after  Curie  point) , or  it  incre 
For  an  increase  in  volt-watt  sensitivity  (6.27)  one  should 
decrease  in  A. 


Page  186. 

For  the  purpose  of  an  increase  in  the  sensitivity  desirabl 
application/use  of  high  electric  fields,  close  to  disrupti 
this  case  grow/rises  the  dielectric  power  factor  tg  6 and 
appear  supplementary  noises  (for  example,  repolarization), 
values  of  quantities  tg  6 are  always  undesirable,  since  th 
an  increase  in  the  Johnson  noises.  Under  real  conditions  f 
selecting  of  operating  point  requires  detailed  analysis.  B 
common  considerations  it  is  expedient  tc  select  operating 
somewhat  higher  than  phase  transition,  where  rt,  is  still 
sufficiently  great,  tg  6 small,  but  their  dependence  on  el 
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ing 
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field  is  not  very  considerable. 

To  evaluate  the  characteristics  of  ferroelectric  bolometers  let 
us  examine  temperature  dependences  ?.  and  tg  6 ceramics  BaTi03  (Pig. 
6.8).  Calculation  of  the  volt-watt  sensitivity  s and  of  threshold  ot 
response  •’  for  the  vacuum  bolometer,  prepared  from  ceram ics  BaTi03 
with  the  thickness  of  sensing  element  d = ICO  p at  temperature  of 
130°C,  modulation  frequency  10  Hz  and  the  frequency  of  the  supply  of 
bridge  10  kHz,  and  also  in  the  absence  of  supplementary  noises  (^  = 0) 
gives  such,  the  value:  5 = 200  V/W  and  <y>  = 5*10'°  u/Hz/i. 

fine  of  the  special  feature/peculiarities  of  f erroelectric 
bolometer  is  that  it  is  capacitor  elements.  This,  in  principle,  makes 
it  possible  to  lower  Johnson  noises  and,  if  it  is  possible  to  exclude 
supplementary  noises,  to  obtain  ideal  thermal  radiation  detector. 
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Fig.  6.8.  Dependence  of  dielectric  constant  - and  of  the  dielectric 

power  factor  tg  6 on  temperature  for  cera.ics  BaTiO,  (♦  - operating 
point  [ 4 ])  . 


Fig.  6.9.  Circuit  diagrams  of  the  ferroelectric 


bolometer:  a) 
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resonant  circuit;  b)  the  frequency-dependent  output/yield. 


Page  187. 

As  the  criterion  of  the  quality  of  the  selected  material  of 
ferroelectric  bolometer  according  to  formulas  (6.28)  and  (6.34) 
serves  value 


Ferroelectric  bolometer  can  be  used  in  bridge  circuits  (see  Fig. 
6.  1)  , in  the  circuits  of  resonant  circuit  [11]  (Fig*  6.9a)  and  in 
circuits  with  the  frequency-dependent  cutput/yield  (Fig.  6.9b).  The 
last/latter  method  of  parametric  measurement  is  most  interesting  in 
view  of  the  simple  transformation  of  analog  value  into  digital  code. 

The  threshold  of  response  of  ferroelectric  bolometers  worse  is 
at  present  than  of  the  tetter/fcest  thermal  receivers.  However, 
ferroelect r ic  bolometers  possess  some  special  feature/peculiarities, 
which  give  to  them  the  determined  advantage  over  other  receivers 
during  the  solution  of  series  of  problems.  Sensing  elements  of 
ferroelectric  bolometers  from  ceramics  can  be  made  in  the  form  of  the 
figures  of  complex  form  with  large  area.  Unlike  the  pyroelectric 
receivers,  which  possess  the  same  advantage,  ferroelectric  bolometers 
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can  work  during  the  unmodulated  irradiation.  The  receivers, 
in  the  form  of  spheres  (4  ir-detect crs)  , can  be  utilized  for 
cn  the  radiation  fields,  created  by  many  radiation  sources. 
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Chapter  VII. 


equipment  and  procedures  FOR  DETERMINING  tie  characteristics  of 
MATERIAL  AND  PARAMETERS  OF  FERROELECTRIC  RAIIA1I0N  DETECTORS. 

The  fundamental  characteristics  of  the  material  of  sensing 
elements  of  ferroelectric  receivers  ace  the  pyroelectric  coefficient 
T dielectric  constant  and  the  dielectric  power  factor  tg  6.  These 

three  characterist ics  in  essence  predetermine  the  parameters  of 
receivers. 


§1.  Static  method  of  the  determination  of 


pyroelectric  coefficient. 


The  static  compensation  method  of  the  measurement  of 
pyroelectric  coefficient  yc  is  described  by  Ackerman  [39]  into  1915. 
This  method  was  preserved  up  to  now,  not  having  undergone  fundamental 
changes,  with  the  exception  of  the  introduction  of  the  automatic 
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compensation  for  electrostatic  charge  instead  of  the  manual. 

The  principle  ot  the  measurement  of  the  pyroelectric  coefficient 
of  ferroelectric  by  static  method  consists  cf  the  compensation  for 
the  electrostatic  charge,  which  appears  on  the  electrodes  of 
pyroactive  crystal  during  its  heating  cr  cooling. 

Figure  7.  1 gives  the  installation  diagram  for  research  on 
pyroelectric  effect  by  static  method.  The  specimen/sample  C'KP  being 
investigated  with  two  electrodes,  plotted/applied  to  opposite  sides 
of  crystal  and  perpendicular  to  the  determined  crystallographic 
orientation,  is  placed  into  thermostat.  The  appearing  during  heating 

cr  cooling  in  pyroactive  specimen/sample  C,T  electric  charge  is 
compensated  for  with  the  aid  of  calibration  capacitor  ■<  which  is 
placed  for  an  interference  elimination  into  electrostat ic  shield. 
Electrometer  E serves  as  zero-  ad  just  merit  instrument.  Its  motionless 
plates  are  connected  with  battery  E ! through  the  auxiliary 
resistances  R,  and  R2,  which  safeguard  battery  from  short  circuit. 
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Fig.  7.1.  Schematic  diagram  of 
coefficient  statically  [19]. 


setting  for  determining  pyroelectric 


Page  189. 

If  at  the  initial  moment  of  measurements  potential  in  the 
specimen/sample  C*P  being  investigated  is  egual  to  zero  earth 
referenced,  then  the  wiper  is  located  in  lower  position  and  the 
arrow/pointer  of  electrometer  is  establish/installed  to  zero. 

When  changes  the  temperature  of  specimen/sample,  on  its 
electrodes  are  formed  the  charges  and  it  appears  potential  earth 
referenced.  The  arrow/pointer  of  electrometer  differs  from  zero 
position.  In  moving  the  arm  of  potentiometer  P upward  to 
specimen/sample  is  supplied  the  potential. 


which  is  the  result  of  the 
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division  of  the  removed  from  potentiometer  voltage  between  capacities 
and  C„ p.  However,  since  the  sign  of  the  potential,  caused  by  voltage 
from  potentiometer,  is  opposite  to  the  sign  of  the  potential,  which 
arose  as  a result  of  the  formation  of  pyroelectric  charges,  occurs 
their  compensation.  When  the  rifleman/gunner  of  electrometer  it  is 
establish/installed  to  zero,  the  total  potential  on  earth 

referenced  also  becomes  zero. 


Value  of  the 


pyroelectric 

Yc  M'A„ 


coefficient 

c.v,  E<££*z 

A T\  A7VUCVi-rKP)'  • 


(7  ti 


If  c,  « CKr. 


C.A 

Vc 


(7.21 


where  £«  is  compensative  vcltage  on  potentiometer;  AT  - the 
temperature  increment  of  specimen/sample;  A0  - the  area  of 
electrodes.  In  obtained  expression  (7.2)  is  not  taken  into  account 
the  electrostatic  leakage  with  C„p  for  the  time  of  heating,  or  the 
inertness  of  thermal  process.  The  accuracy  of  measurements  depends 
not  only  on  the  guality  of  calibration  capacitor  and  correctness  of 
the  selection  of  the  geometric  dimensions  of  specimen/sarap le,  but 
also  on  the  rate  of  the  compensation  for  pyroelectric  charge. 


In  connection  with  this  to  N.  D.  Gavrilovoy  [6]  was  proposed  the 
circuit  with  the  automatic  compensation  for  pyroelectric  potential. 

The  block  diagram  of  this  setting  is  given  in  Fig.  7.2. 
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Fiy.  7.2.  Block  diagram  of  setting  for  determining  pyroelectric 
coefficient  v with  automatic  compensation  [6]:  cKP  the  capacity  of 

crystal;  <„  the  capacity  of  coupling  capacitor;  U 1 — 2 - electrometric 
amplifier. 


Key:  Cl)*  Cryostat.  (2).  Potentiometer. 


Fig.  7.).  Equivalent  diagram  of  the  compensation  method  of  the 
measurement  of  pyroelectric  coefficient  [6]. 
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The  ferroelectric  being  investigated  is  placed  into  the  thermostat 
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in  which  the  teanetature  vanes  from  19C  to  12C°C,  and  it  is 
connected  to  the  electrometric  amplifier  Ul-2. 

The  pyroelectric  potential,  which  appears  in  specimen/sample 
durinq  a change  in  the  temperature  of  crystal,  is  compensated  for  by 
the  potential,  supplied  from  auxiliary  battery  through  the 

potentiometer  p whose  arm  is  bonded  with  the  rheochord  of  automatic 
recorder,  and  through  the  coupling  capacitor  C,„.  The  signal  of 
imbalance,  taken  from  amplifier,  is  supplied  to  automatic  recorder 
EPP-09,  the  arm  of  rheochord  of  which  is  moved  until  the  signal  of 
imbalance  becomes  equal  to  zero. 

Figure  7.3  gives  the  equivalent  diagram  of  compensation  method. 
Pyroelectric  crystal  is  represented  in  the  form  series-connected  the 
source  of  electromotive  force  t'hP  and  of  its  capacity  ChP,  shunted  by 

c 

leakage  resistance^  Cnx  and  R.,»  they  are  input  capacitance  and  the 
resistance  of  the  electrometer  Ul-2;  CBK  and  Rc„  - the  capacity  and 
the  resistance  of  coupling  capacitor. 

In  work  [6]  was  obtained  the  expression  for  the  calculation  of 
the  static  pyroelectric  coefficient: 


' I II  • V 
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(73) 


where  t is  the  time,  calculated  off  the  beginning  of  heating;  t,  - 
tine  of  the  delay  of  compensation;  rQ  - the  time  constant  of  thermal 
process  (set-up  time  of  the  temperature  in  crystal)  ; R is  the  total 
resistance  of  crystal  P,  „ and  of  entrance  U0  - the  sensitivity  of 

electrometer. 

Under  conditions  of  experiment  time  t = 30C  s,  t,  equal  to  the 
time  constant  of  recorder  it  is  1-3  s.  Thermal  time  constant  r0  = 
(5-50)  s and  CCb#c»  = 25«103  s;  therefore  expression  (7.3)  is 
fulfilled  sufficiently  accurately.  An  error  of  measurement  is  2-3o/o. 

Expression  (7.3)  transfer /converts  in  (7.2),  if  we  disregard  the 
second  term.  Special  attention  one  should  give  to  the  selection  of 
coupling  capacitor  - its  resistance  must  be  not  less  than  10»7  ohm 
with  the  capacity  0.25  pF. 
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Fig.  7.4.  The  installation  diagram  for  determining  pyroelectric 
coefficient  by  the  quasi-static  method:  dP/dt  is  a generator  of 
pyroelectric  current;  cKP  and  the  capacitance  and  the  resistance 

cf  specimen/saaple ; - load  resistance;  c>  - the  capacity  of 

electrometer. 


Key:  (1).  Pyroelectric  crystal. 


Page  191. 

During  the  measurement  of  pyroelectric  coefficient  by  static 
method  it  is  necessary  that  the  electr erne te t wculd  possess  high  entry 
impedance  in  order  that  the  charge  would  not  flew  from 
specimen/sample.  Electrometer  Ul-2  possesses  the  entry  impedance 
chm,  and  therefore  with  small  capacities  cf  specimen/sample 
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electrostatic  leakage  becomes  especially  perceptible,  if  the 
processes  of  a change  in  the  polarization  last  dozen  minutes.  In 
connection  with  this  was  proposed  the  circuit  with  the  utilization  of 
vibrating  condenser  [35], 


Recently  frequently  began  to  be  utilized  the  quasi-static  method 
of  the  determination  of  pyroelectric  coefficient. 


If  in  static  method  the  measurement  of  pyroelectric  coefficient 
is  conducted  at  the  establish/installed  discrete  value  of 
temperature,  then  in  quasi-static  the  measurement  of  pyroelectric 
potential  conducts  during  a continuous  change  ir.  temperature  [3,  7, 
8,  SO].  Measuring  circuit  is  given  in  Fig.  7.4.  Pyroelectric  crystal 
is  represented  as  current  generator 


The  equation  of  Kirchhoff  for  the  above-mentioned  circuit  can  be 
written  in  the  form 


i dT  -r 
7"o  -JT  ~ L 


dV 

dl 


V 

R 


(7.5) 


Considering  that  the  thermal  time  constant  of  process  under  the 

initial  conditions  i'< / «,  o much  more  HC,  after  the  integration  of 
equation  (7.5)  we  will  obtain 


— e 


t 

7 7c 


).  (7.0) 
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where  C = CKP  + C,;  R ' KkV  + A?,. ~ temperature  increment  at  t = 0. 

Are  possible  two  limiting  cases:  t >>  rc  and  t <<  RC.  In  the 
first  case,  if  < Rn,  we  obtain 

(7-n 

If  RC  very  greatly  (R RKp)i  that  expression  (7-6)  assumes  the  form 


(7.8) 
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Fig-  7.5.  Plotting  dependence  y - y (T)  with  guasi-static  method. 
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Key:  (1).  mV.  (2).  s.  (3).  C/cm*»deg 

Page  192. 

Py  putting  to  use  equations  (7.6)  - (7.8),  it  is  possible  to 
calculate,  besides  the  value  of  pyroelectric  coefficient,  also  the 
volume  resistivity  of  crystal  and  its  dielectric  constant. 

The  process  of  the  measurement  of  pyroelectric  coefficient  is 
reduced  to  the  following.  To  specimen/sample  will  be  fed  heat  flux  in 
such  a way  that  the  rate  of  its  heating  would  te  that  which  was 
assigned.  The  last/latter  condition  nor.i  is  necessary,  but  raises  the 
accuracy  of  measurements. 

Figure  7.6  gives  th-  graphic  sequence  of  the  construction  of 
function  7 = 7 (T)  by  quasi-static  method.  Are  recorded  the  curves  V 

( t ) and  (T)  (t)  are  given  in  Fig.  7.5a  and  7.5fc.  On  these  dependences 
are  constructed  the  curves  v (T)  and  dT/dt  (Fig.  7.5c  and  7.5d)  and 
finally  the  unknown  dependence  7=7  (T)  (Fig.  7. 5e) . 


62.  Dynamic  method  of  the  determination  of  pyroelectric  coefficient. 
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The  dynamic  method  of  the  measurement  of  pyroelectric 
coefficient  is  described  for  the  first  time  by  Chaynoviz  [43].  The 
essence  of  method  is  of  periodic  heating  and  cooling  specimen/sample 
the  modulated  radiation  flux  and  the  measurement  of  the  appearing  in 
specimen/sample  signal  during  a change  in  its  temperature.  The 
equation  of  heat  balance  for  the  specimen/sample,  heated  by  radiation 
flux,  takes  the  form 

+ GAT  = W (i t ).  (7.9) 


The  first  term  indicates  a change  in  the  enthalpy  of  spec i me n/ sam pie, 
the  second  describes  its  heat  losses  (G  - the  ccefricient  of  heat 
losses)  and  the  third  characterizes  radiation  flux.  If  Q = cAT  (c  is 
heat  capacity  of  specimen/sample,  AT  - temperature  increment)  and 
speci men/sam pie  is  irradiated  by  the  sinusoidally  modulated  flow,  the 
temperature  increment  of  the  specimen/sample 


A 7'  = 


+ A Tne 


H . 10) 


where  u is  a cyclic 
flux  density;  AT0  - 
specimen/sample.  Py 


modulation  frequency  ^ j.  {p,  - the 

value  AT  with  t = 0;  A0  = the  area  of 
roelectric  current  in  steady  state 


_ . dP  . dT  «2  I’mYfttf’nf'"1'  ,7  1 1 \ 

7 = ^0  ^oYn  — ^0  o iidc  * ( • » 


rad iat ion 
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(G  + (o»c*)0’5  ' 


(7.12) 


Fage  193. 

Expression  (7.12)  for  determining  dynamic  pyroelectric  coefficient  y4 
is  derived  on  the  assumption  that  value  AT  is  certain  average  value 
of  the  temperature  of  specimen/sample  without  the  analysis  of  the 
conditions  of  heat  transfer  cn  boundaries  and  therefore  hears  the 
qualitative  character.  More  exact  expression  for  the  determination  of 

3 

value  • can  be  obtained  during  detailed  analysis  [18]. 

Let  us  examine  the  pyroactive  crystal,  which  has  the  torm  of 
rectangular  prism  (Fig.  7.6).  Its  tront  face,  irradiated  by  radiation 
flux,  is  covered  with  the  atsorting  layer  of  black,  which 
simultaneously  fulfills  the  functions  of  electrode.  The  back  side  of 
crystal  is  found  on  the  massive  heat  withdrawal,  which  is  absolute 
heat  sink  and  the  second  electrode.  The  vector  of  the  spontaneous 
polarization  of  crystal  is  directed  perpendicu  lar  to  electrodes.  The 
pyroelectric  current,  which  appears  in  arbitrary  crystal  element 
6x<5y6z,  is  determined  by  a change  of  polarization  P (y)  in  this 
volume  and  is  equal  to: 


(7  13) 
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Average  value  of  pyroelectric  current  in  elementary  rectangular  prism 
6x6zd  [ 23 ] 


iVvta 


dP  (j/l  . 

~r~  dtJ  = 


6.* 

~d~~ 


ill/. 


(7.14) 


If  the  polarization  of  crystal  is  uniform  in  volume  and  the 
pyroelectric  coefficient  y,  = to  place  by  constant/invariable 
during  weak  irradiation,  disregarding  the  corrections  of  the  second 
and  of  the  higher  orders  cf  smallness,  be  Mill  obtain 


<Vv<V 

~y 


iH  •!/ 1 

dt 


ill/. 


(7.ir,) 


For  the  determination 
is  necessary  to  solve 


of  value  dT  (y) 
the  eguation  of 


/dt  the  irradiated  crystal  it 
thermal  conductivity. 
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Fig.  7.6.  Circuit  ot  pyroactive  crystal. 


Page  194. 


thicKness  of  crystal  d consideratly  shorter  than  its  lenyth 
and  the  widths,  but  heat  losses  fro.  the  lateral  faces  can  be 
disregarded,  the  ther.al  proble.,  solved  for  a ho.ogeneous  and  an 
isotropic  .ediu.,  it  is  reduced  to  the  cne-di ,e nsional  case 


(>T  ,)-r 

-nr  = " -or 

under  the  following  boundary  conditions: 


(7  Hi) 


With  y - 0,  T - T0  = 0 with  y = d,  where  c0  is  heat 


capacity  of  one 
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of  the  surface  of  black;  h„  - its  absorptivity;  n,  is 
stefana  - Boltzmann;  T - the  teaperature  of  crystal;  T0 
temperature  of  the  aediua;  n - thermal  diffusivity  (n  = 
coefficient  of  thermal  conductivity;  c is  specific  heat 
cf  crystal. 


constant  of 
- the 

k/c)  ; k - the 
of  one  volume 


The  first  boundary  condition  is  the  equation  of  the  heat  balance 
cf  crystal  boundary,  heated  by  the  sinusoidally  aodulated  flow  W0(l  + 
and  cooled  because  of  theraal  conductivity  k and  by 
emission/radiation  4e„oc7^ , when  crystal  is  located  in  vacuua. 

After  changing  to  new  alternating/variable  9 = T - T0  and  by 
sclving  equation  (7.16),  we  will  obtain 


H (y,  o),  t)  ^ -Irs 


o (d  — y) 


+ 


* P ■Knjtd 

sh  h (d  — !/)  e"'” 


...  , If, I'Vrj  f-  hoc, 

H ’UJh~~L  sh  hd 


(717) 


where  h •)-  i)  | ^ ~ d|>  t*'e  length  of  temperature  wave.  By 

substituting  equation  (7.17)  in  equation  (7.15)  and  by  producing 
integration  for  the  volume  of  crystal,  we  will  obtain  expression  for 
the  complete  pyroelectric  current  of  the  crystal; 
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7 = 


td 


YflCol^ able  ' (I  — srhArf) 
kh 


(7  18) 


where  b and  X are  width  and  the  length  of  crystal;  bl  = A0.  The 

irradiated  by  the  modulated  flow  pyroactive  crystal  can  be  presented 
in  the  form  of  equivalent  circuit  (Fig.  7.7)  as  generator  of  the 
pyroelectric  current^  with  in  in  parallel  connected  capacity  CKp  and 
the  resistance  of  losses  7?KP.  Then  input  voltage  of  the  lamp 


U = 


•JR 


",l  (I  - sch  hd)  R 


I + iuCR 


cd  (1  -p  iuaCR)  I 1 + 


kh 


th  hd 


(7.19) 


In  the  sonic  frequency  band  of  modulation  expression  (7.19)  is 
simplified  [19].  We  examine  equation  (7.19)  for  the  cases  of  crystals 
BaTiOj  and  TGS.  The  parameters  of  these  crystals  are  given  in  Table 
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Fig.  7.7.  The  equivalent  replacement  scheme  of  the  irradiated 
pyroelectric:  T is  a generator  of  pyroelectric  current;  <-«r,  - the 

capacity  of  crystal;  - the  equivalent  resistance  of  losses;  c»« 

the  input  capacitance  of  meter;  K«  - lead  impedance. 


Page  195. 

From  table  it  is  evident  that  product  hd  ^2  is  fulfilled  at  the 
frequencies,  which  exceed  20  Hz.  If  hd  » 1,  sch  hd  — -4  0. 

r-) 

Furthermore,  the  term,  which  stands  in  brackets  in  the  denominator  of 
equation  (7.19),  is  close  to  unity  at  least  to  frequencies  20  kHz,  if 
the  heat  capacity  of  the  irradiated  electrode  c0  x.  2.5  K . 10-5  J/ 
(deg»cm2)  . 


Then  expression  (7.19)  is  simplified: 
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Are  possible  two  operating  nodes;  uCR  <<  1 and  uCR  >>  1.  When  load 
resistance  R»  “ W oha,  C = to  10  pF  and  modulation  frequency  is 
equal  to  40  Hz,  with  larger  degree  of  accuracy  it  is  possible  to 
write 


//  yn^pU 

V\  ~ ^ 


(7.21) 


If  load  resistance  R„  --(10*  > I0in)  to  ohn  with  the  same  capacity, 
expression  (7.20)  takes  the  form 

,,  _ va^'iA  = jva_  . rsE". . 

~~  rdi«C  e lc 

(7.22) 

3y  putting  to  use  expressions  (7.21)  and  (7.22),  let  us  find  the 
value  of  pyroelectric  coefficient  ^ and  relation  YA/e.  On  this  is 
based  the  radiation  method  cf  the  simultaneous  measurement  of 
pyroelectric  coefficient  and  dielectric  constant  of  pyroactive 
crystals. 


N 
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Table  7.  1. 
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Key:  11).  Parameters.  (2).  Material.  (3).  Specific  density  p,  g/cm 3. 
(4).  Specific  heat  c'  cal/q»deg.  (5).  Heat  capacity  of  unit  volume  c 
- pc*  cal/cm» deg.  (6).  Coefficient  of  thernal  ccnductivity  k, 
cal/cm«s«deg.  (7).  Thermal  diffusivity  n = k/c,  cm?/s.  (8).  Length  of 
temperature  wave  cm.  f = 1 Hz.  {9).  at  the 

different  modulation  frequencies,  Hz.  (10).  BaTi03  polycry stal line. 
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The  calculated  relationship/ratios  have  following  form  £16]: 
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e = l,H2  I0«*  ~ (4r-  y 
\ U,  * 

x j ~ 2nl0-,a  C„„);  (7.23) 

/ 1 

*n  U'  «„/?,*', A ’ 

(7-24) 

,%■.  io-"  (o.sr,  + c„). 

(7.25) 

where  C„<  is  the  capacity  of  input  circuit,  measured  in  picofarads. 
Schematic  electrical  diagram  for  the  investigation  of  pyroactive 
crystals  is  given  in  Fig.  7.8.  The  specimen/sample  being  investigated 
K,  placed  into  thermostat,  is  irradiated  by  the  modulated  radiant 
flux  W (t)  . The  removed  from  crystal  pyroelectric  signal  is  supplied 
to  the  entrance  of  amplifier  (lamp  6S1Zh).  Switch  Pt  serves  for  the 
consecutive  connection  of  resistances  P,  = 1 Mf<  and  B2  = 1 Gohw.  In 
this  case  exit  pyroelectric  voltage  is  proportional  either  to  y.,  (/?, 
to  (ID)  or  yjy  (R2  iGohm)  Then  signal  is  supplied  to  amplifying 
tube  6Zh  IP  and  through  the  attenuator  P2  (one-tc-one;  1:10;  1:100)  to 
the  selective  cascade/stage,  assembled  on  lamps  6N2P  with  dual 
T-shaped  bridge  in  feedback  loop.  Switch  P3  serves  for  the  connection 
cf  the  filters,  adjusted  to  10,  40  and  10*  Hz. 
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By  the  authors  [24]  were  proposed  procedure  and  setting  for  the 
investigation  of  pyroelectric  coefficient  and  dielectric  constant  of 
ferroelectric  in  i n fralow- frequency  range  (0.05-10  Hz).  The 
specimen/sample  being  investigated  was  placed  into  the  vacuum 
container,  where  was  maintained  pressure  10~3  tcrr.  The  pyroelectric 
signal,  taken  from  the  changed  over  load  resistances,  was  amplified 
ty  the  electrometric  instrument  V2-5.  The  measuring  instrument  of 
electrometer  was  disconnected  and  instead  of  it  was  utilized 
low-frequency  oscillograph  SI-4. 
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Fig.  7.8.  Schematic  electrical  diagram  of  setting  for  the  measurement 
of  pyroelectric  coefficient  and  dielectric  constant  by  dynamic 
met  hod. 

Key:  ( 1)  . \iLti  (2).  Thermostat. 
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The  calculated  relationship/ratios  for  values 
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differ  froir  expressions  (7.24)  and  (7.25)  in  terms  of  the  correction 
factor 


4^ 


r = 


h ( lid ) 


- + I- 


ihJi' 


15 


1 _ _L  (M)«  f (M)' 

3 15 


V m* 


, (7.26) 


where 


, 4wcK 
n ~ * • 

The  described  dynamic  method  of  the  determination  of 
pyroelectric  coefficient  is  not  the  only  possible  (for  exam.  [49]). 
Qne  of  the  versions  of  this  method  is  represented  in  Fig.  7.9.  In 
this  version  the  mean  temperature  is  determined  from  a change  in  the 
resistance  of  the  irradiated  electrode,  which  simultaneously  plays 
the  role  of  bolometer.  A change  in  the  electrode  resistance  can 

fe  written  thus: 


A/?  acRr  A 7', 


(7  27) 


where  “>■  is  temperature  specific  resistance  of  the  irradiated 
electrode;  AT  - the  temperature  increment  of  electrode. 


from 


When  switch  is  located  in  position 
load  resistance  takes  the  form 


of 


2. 


the  voltage,  taken 


</?.=;*!  *<>> 


acW,." 

<«h,  -t  «r,)‘  ' 


(7  28) 


Ml 
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where  U is  voltage  in  the  circuit  of  bolometer. 


From  expression  (7.28)  it  follows 


A 7'  - 


,\V  («„.  ,'\f 


(7  20) 


Measuring  value  AO  at  modulation  frequency,  and  also  value  «.  and  Rr> 
as  functions  of  temperature,  by  formula  (7.29)  we  determine  the 
temperature  of  the  irradiated  electrode  on  pyrcactive  crystal. 

The  temperature  of  the  irradiated  electrode  whose  thickness  does 
not  exceed  0.5  p,  it  is  possible  with  a high  degree  of  accuracy  to 
consider  identical  in  the  thickness  of  electrode  at  sonic  modulation 
frequencies  [22].  According  to  [20],  the  temperature  of  the  back  side 
of  electrode  ^ is  bonded  with  the  temperature  of  the  front  Tn  by 
the  relationship/ratio 


T,  = 7> 


(7.31*) 


If  we  use  data  by  Table  7.2  for  nickel,  bismuth  and  germanium, 
then  it  is  not  difficult  to  see  that  at  frequencies  less  than  200  Hz, 
a difference  in  the  temperature  of  the  front/leading  and  back  sides 
cf  the  irradiated  electrode  will  not  exceed  lo/c. 
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Fig.  7.9.  The  circuit  of  the  determination  of  pyroelectric 

coefficient  by  the  dynamic  method,  in  which  the  irradiated  electrode 
serves  as  bolometer. 
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Thus,  the  obtained  values  of  the  temperature  of  film  can  be 
considered  the  temperature  cf  the  front  face  ot  pyroactive  crystal. 

Let  us  determine  the  mean  temperature  of  crystal,  if  it  is  known 
that  on  its  face  the  temperature  changes  according  to  the  law  H = 

For  this  is  solved  the  equation  of  the  thermal  conductivity 


(7.31) 


r 
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under  the  following  boundary  conditions: 


when  y=s()' 


0 _ 0 with-  y-4. 


The  solution  to  equation  (7.31)  takes  the  for* 

. . 4 t'  i wi  sh  h(d  — y) 


the  average  value  of  the  temperature  cf  the  crystal 


I f,T  J<*  s»i  h yd  y)  _ A7y^_  . (ch<irf—  1)  f7  3^ 

0=TJAr^  — 5TH  *9  _ ~hd  sura  • 1 


whence 


as  . ...  ^ 

If  ,h  — • 


With  hd  >.  4 and  th  hd/2  — ? 1 expression  (7.35)  is  simplified: 


ST  = ,t0^r» 


The  value  of  pyroelectric  input  voltage  of  lamp  taking  into  account 
-nations  (7.11)  and  (7.36)  takes  the  for* 

\U„  | - | | /?-,  - Avyt  I A T0 1 V™  -V  • (7  37) 


U Ad 

Va"  \\r„  I I m„  -1„Wlti 


Key:  Substance.  (2).  Heat 

cal/deg.co.*,  (3).  Coefficient 
(^).  Length  of  the  temperature 
frequencies.  (5).  Nickel.  (6). 


capacity  of  unit  volume  c, 
of  thermal  conductivity  k ca 1/de g.c . .s 

“ave  a°  <CD'-)  £or  two  modulation 
Bismuth.  (7).  Germanium. 
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In  equation  (7.39)  value  AU  (u)  is  the  complex  function  of  the 
modulation  frequency  and  thermophysical  characteristics  of  crystal. 
Its  precise  value  was  oltained  by  0.  V.  Roytsina  et  al.  [34], 
However,  in  the  described  case  the  value  AU  (u)  , just  as  ac,  is 
determined  experimentally. 

The  determination  of  pyroelectric  coefficient  is  reduced  to 
measurement  AU  (u)  and  Rr  at  the  f i xed/reccrded  temperature  in  the 
position  of  switch  2,  and  then  to  the  measurement  of  pyrovcltage  Un 
in  the  position  of  switch  1.  The  calculation  V conducts  by  formula 
(7.39). 


The  determination  of  the  temperature  dependence  of  pyroelectric 
coefficient  is  the  work  consuming  process,  which  is  continued  several 
hours.  In  work  [17]  is  proposed  the  rapid  method  of  research  on 
pyroelectric  effect  in  ferroelectric.  By  authors  was  utilized  dynamic 
method  during  rapid  heating  specimen/sa mple  by  radiation  flux. 
Measurements  were  conducted  on  the  setting,  analogous  that  which  was 
described  above.  Measuring  flew  with  a power  K0  = lO*"5  W/mrn2  from  the 
calibrated  radiation  source,  modulated  by  frequency  20-50  Hz,  it  was 
headed  for  the  specimen/sample  being  investigated,  which  was  being 
located  in  vacuum  glass  container.  The  appearing  during  irradiation 
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signal  was  supplie 
the  long  afterglow 
to  photograph  the 
specimen/sample  wa 
source  radiation  c 
Under  the  a 
50-300  m thickness 
speci men/sam pie , i 
occurs  exponential 
which  would  corres 
heating-  In  this  c 
possible  to  obtain 

where  G is  a coeff 
specimen/sample ; t 
connection/inclusi 

Fage  200. 

Expanding  ^ 
approximately  we  w 


d to  amplifier  and  tc  the  memory  oscillograph  with 
, on  screen  of  which  it  was  possible  to  observe  and 
kinetics  cf  pyroelectric  effect.  Heating 
s realized  by  the  instantly  supplied  powerful 
onstant  with  the  density  of  flow  w = (10“*  - 10-3) 
ction/effect  of  luminous  flux  the  specimen/sample 
was  heated  on  15-25°C  in  1-5  s.  Since  heating  the 
rradiated  by  instantly  connected  radiation  flux  W, 
ly,  one  should  fit  such  conditions  of  the  works, 
pond  to  the  linear  section  of  the  exponential  of 

ase  the  average  temperature  increment  it  is 

by  solving  of  the  equation  of  the  heat  balance 

H,”  — — / 

&T  = ~ e ‘ ).  (7.40) 


icient  of  heat  losses;  c - the  heat  capacity  of 
- time  from  the  tor gue/mcinent  of  the 
on  of  radiant  flux. 


e in  a series  under  condition  t/  (c/G)  < 1 

ill  obtain 


(Ml) 
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Foe  uniform  heating  speci  men/sa  n;  pie  in  the  assigned  temperature 
interval  AT  it  is  necessary  that  time  t be  less  than  the  thermal  time 
constant  of  specimen/sample  r = c/G,  and  the  intensity  of 
emission/radiation  W was  sufficient  for  obtaining  the  desired 
temperature  increment  for  this  time.  The  calculation  of  value  AT  is 
obtained  siraplly  and  does  not  require  the  knowledge  of  the 
coefficient  of  heat  losses. 

Time  for  temperature  balance  according  to  the  thickness  of 
specimen/sample  can  be  written  [14]  in  the  form 


For  the  specimen/samples  being  investigated  less  than  300  p 
thickness  rQ  ,<  10“2  s,  the  sweep  length  on  oscilloscope  face  1-5  s; 
therefore  difference  of  the  temperature  states  at  the  different 
points  of  specimen/sample  in  practice  is  not  observed. 

A change  of  the  signal,  taken  the  irradiated  specimen/sam pie,  in 
temperature  dependence  is  proportional  to  a change  in  the 
pyroelectric  coefficient-  During  linear  changes  in  the  temperature 
the  envelope  of  the  pyroelectric  signal,  written  on  oscillograph, 
will  present  the  temperature  dependence  of  pyroelectric  coefficient. 


The  comparisons  of  the  different  methods  of  the  determination  of 
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pyroelectric  coefficients,  carried  oat  in  recent  years,  they  showed 
that  the  obtained  values  of  these  quantities  can  considerably  differ 
[2,  3].  The  pyroelectric  coefficients,  measured  by  static  method,  are 
caused  both  by  the  rapid  and  slow  processes  of  polarization.  During 
the  measurement  of  pyroelectric  coefficients  by  dynamic  method  the 
basic  contribution  introduce  the  rapid  processes  cf  polarization.  The 
measurements,  carried  out  by  quasi-static  methcd,  to  a considerable 
degree  depend  on  the  rate  of  heating  [8,  35]  crystal.  Ambiguity  in 
measurements  can  be  bonded  with  the  complexity  cf  the  course  of  the 
slew  processes  of  polarization  and  uneven  heating  crystal.  The  latter 
fact  it  can  lead  to  the  emergence  of  mechanical  stresses  in  crystal 
and  the  appearance  of  a tertiary  pyroelectric  effect.  Analogous 
description  could  arise,  also,  during  the  investigation  of 
pyroelectric  effect  by  dynamic  method,  since  at  different  modulation 
frequencies  the  depth  of  penetration  of  temperature  wave  (7.17)  was 
different.  However,  in  the  literature  still  not  were  given  any 
quantitative  measurements  of  tertiary  pyroelectric  effect. 

Fage  201. 

Conducted  investigations  [24]  of  pyroelectric  coefficients  by 
dynamic  method  showed  that  the  tertiary  pyroelectric  effect  was 
small.  Focus  into  point  and  the  washed  away  over  surface  one  and  the 
same  radiant  flux  at  modulation  frequencies 


20-500  Hz  gave  one  and 
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the  same  signal. 

An  error  of  measurement  of  pyroelectric  coefficients  by  static 
method  is  2-5o/o.  The  determination  of  pyroelectric  coefficients  by 
the  dynamic  method  is  done  with  smaller  accuracy,  since  in  the 
calculated  relationship/ratios  enters  more  the  parameters,  than  at 
static  method.  In  this  case  errors  of  measurement  are  10-15o/o. 

However,  dynamic  method  makes  it  possible  to  conduct  the 
measurements  of  the  dispersion  of  pyroelectric  coefficient.  And  main 
for  the  calculation  of  pyroelectric  radiaticn  detectors  in  wide 
frequency  range  it  is  necessary  to  know  dynamic  pyroelectric 
coef  f icient. 


§3.  Methods  of  the  measurement  of  dielectric  constant. 


For  the  calculation  of  ferroelectric  radiation  detectors  it  is 
necessary  to  know  dielectric  constant  ? and  the  dielectric  power 
factor  tg  6.  The  dielectric  constant  of  ferroelectric  £ strongly 
depends  on  the  value  of  the  external  field  E (Fig.  7.10). 
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Since  the  dielectric  constant  £ loses  the  uniqueness  with  of 
measurement  depending  on  value  and  character  of  electric  field  [52], 
there  is  a number  of  concepts  of  the  capacity  of  ferroelectric 
condenser  [13]: 


a)  static  capacity  is  the  capacitance  of  capacitor,  measured 
with  constant  stress  with  the  aid  of  the  ballistic  galvanometer: 


C = 


(7.43) 


where  u „ - constant  stress,  applied  to  condenser/capacitor ; q = is 
the  conservative  value  of  charge  on  the  capacity  of  specimen/sample; 


b)  the  differential  (dynamic)  capacity  is  determined  by  the 


ex  pression 


dP  dq 

aF  ~ Ihj 


(7  44) 


and  is  the  tangent  of  tangent  angle  to  the  curved  loop  of  charge  q 

(0) : 


c)  the  effective  capacity  is  measured  on  alternating  current  and 
is  defined  as  capacitance  of  this  linear  capacitor  whose  charge  at 
the  maximum  value  of  voltage  is  equal  tc  the  charge  of  nonlinear 


capacitor  with  the  saie  voltage: 
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d)  the  reversive  capacity  is  determined  with  the  aid  of  low 
measuring  variable  field  (j  ' in  high  stationary  field 


Figure  7.11  gives  circuit  for  the  measurement  of  reversive 
dielectric  constant.  Constant  adjusted  with  potentiometer  R,  voltage 
through  the  throttle/choke  Dc  is  supplied  to  the  capacitor  CM>. 

being  investigated.  Measuring  voltage  UH  through  isolating  capacitor 
C j is  supplied  to  the  capacitor  CKp  being  investigated  and  the 
standard  resistance  with  low  alternating  voltages  and  low  losses 

the  current,  which  takes  place  through  the  capacitor,  approximately 
is  equated  by  the  capacitive  component  of  the  current 


Hence 


7 = (.)Cpt/M. 


(7.47) 


CP 


U, 

<oU*R,  ’ 


(7.48) 


where  U,  is  voltage  on  standard  capacity. 
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Fig.  7.11.  Measuring  circuit  of  reversive  dielectric  constant. 


Page  203. 

At  the  low  values  of  effective  stress  the  measurement  of 
capacity  and  tangent  of  the  angle  of  dielectric  losses  can  be 
conducted  by  resonance  cr  bridge  method. 

If  measuring  frequencies  exceed  several  kilohertz,  then 
convenient  and  precise  is  the  resonance  method.  At  lower  frequencies 
the  effectiveness  of  bridge  method  is  higher. 

Figure  7.12  gives  bridge  circuit  for  the  measurement  of 
dielectric  constant  £ and  of  the  dielectric  pcwer  factor  tg  6 in 
the  range  from  2 to  5000  Hz  with  voltage  on  specimen/sample  of 
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approximately  50  KV.  For  the  purpose  of  an  increase  in  the 
sensitivity  the  circuit  has  two  output/yields . For  frequencies  less 
than  100  Hz,  is  applied  the  /^-filter,  which  cuts  off  high 
frequencies.  Wave  trap  on  50  Hz  serves  for  the  elimination  of 
focus ing/induct ions. 

It  should  be  noted  that  only  in  weak,  electric  fields  in  the 
ferroelectric  of  the  form  of  the  voltage  are  close  to  sinusoidal. 
Therefore  values  t and  tg  6 under  these  conditions  can  be 
determined  as  for  linear  dielectrics,  with  tne  aid  of  the  equivalent 
replacement  scheme  of  real  ferroelectric  by  ideal  capacity  with  the 
consecutively  or  in  parallel  connected  resistance. 

The  method  of  the  simultaneous  determination  of  dielectric 
constant  and  pyroelectric  coefficient  cf  crystals  was  described  in 
the  preceding/previous  paragraph. 
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Fiy-  7.12.  Capacitance  bridge  ? and  of  the  dielectric  power  factor 


Key.  (1).  V.  (2).  ohm.  (1).  Output/yield.  [U)  . Specimen/sa  mple . 


’ 1 SOrtUo 


P AO  F 


',4.  ] ui  pmen*’  for  determining  receiver  responses. 


Industry  does  not.  discharge  standard  installations  for 
determining  the  parameters  of  radiation  detectors.  Are  absent  any 
systematic  descriptions  cf  procedures  cn  this  question.  The  rare 
published  works  are  related  to  the  description  cr  the  testing  units, 
intended  for  characteristic  measurement  of  a defined  class  of 
radiation  detectors  [IS,  21,  25,  27,  2fc,  29,  Je,  40,  48,  51]. 

The  creation  or  universal  installations  is  connected  ith  the 
considerable  difficulties  of  the  agreement  of  the  equivalent 
resistance  of  receiver  with  the  noises  cf  input  time,  since  the 
internal  resistance  of  receivers  cnanges  depending  on  the*r  type  in 
the  range  from  0.1  to  10>°  chm  at  the  temperature  of  sensing  element 
2- 300°K. 

Will  be  described  below  the  complex  of  metering  equipment  for 
determining  the  parameters  cf  ferroelectric  receivers.  The  block 
diagram  of  installation  is  given  in  Fig.  7.  Id.  Installation  consists 


N 
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of  the  standard  emitter,  as  which  is  utilized  the  cylindrical  model 
cf  hlackbody  with  temperature  of  400-60€°K.  It  is  possible  to  utilize 
a model  of  spherical  or  tubular  Llackrcdy;  however,  to  obtain  the 
uniformity  of  temperature  within  this  tody  structurally  more 
dif  f icult. 

The  evaluation  of  the  quality  of  the  model  of  hlackbody  conducts 
according  to  the  procedure,  proposed  by  Vo se  [ 45  ].  For  temperature 
balance  alonj  the  core  tube  of  the  model  of  blackbody  Nichrome  spiral 
at  its  end/leads  is  coiled  more  densely.  If  the  ratio  of  the  depth  of 
cavity  to  a radius  of  radiatinq  aperture  is  equal  to  30,  the 
temperature  of  the  cavity  cf  the  model  cf  Llacktody,  up  to 
trcrt/leading  wall,  remains  constant  with  accuracy  +5°  to 
temperatures  of  450°K» 


< 
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Fiq.  7 . 1 J„  Block  diagram  ot  installation  for  determining  t he 
faramfitprs  ot  ferroelectric  radiation  detectocr., 

Key:  (1).  Modulator.  (2).  Standard  radiaticn  scuicc.  { 1)  . Peceiver. 
(4).  Preamplifier..  (8).  Basic  amplifier,  (ft).  Optical  bench.  (7). 
Audiofrequency  oscillatoi.  (8).  Power  supply  units.  (9). 

Csci 1 1 cqra ph . (10).  Heccrder. 
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Calculation  of  the  value  cf  the  coefficient  of  the  radiatinq  capacity 
cf  model  gives  value  larger  than  0.99.  The  front/leading  wall  cf 
model  is  cooled  by  water.  During  operation  the  temperature  of 
modulator  must  not  exceed  room  temperature  irore  than  by  1®  5°C» 


The  setting  up  of  the  model  of  hlackbcay,  which  can  be  moved  in 
three  mutually  perpendicular  directions,  conducts  in  such  a way  that 
normal  to  the  surface  of  receivers  would  coincide  with  the  axis  of 
model. 


Preamplifier  serves  for  impedance  matching  of  receiver  with 
resistance  of  the  basic  amplifier.  The  tasic  amplifier  contains 

r 

cascade/stage  with  dual  ^-section  filter  or  witn  synchronous  detector 
for  measurements  in  the  narrow  frequency  band.  Visual  observation  of 
the  form  of  the  measured  signal  is  realized  by  an  oscillograph. 
Audiofrequency  oscillator  supplies  chopper  motor. 

For  the  investigation  ct  the  dynamic  characteristics  of 
ferroelect.  ric  bolometers  and  partly  pyroelectric  receivers  can  be 
used  the  setting  up,  schematic  electrical  diagram  of  which  is  given 
in  Fig.  7../4  [21].  At  setting  up  can  be  determined  amplitude-frequency 
and  phase- f requeue y receiver  responses  in  tne  interval  of  pressures 
5»10”fc  - 7 1)0  torr,  the  temperatures,  which  vary  from  77  to  400°K,  in 
the  different  gaseous  media  with  the  sinusoidal  and  square -wave 
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Key:  (1)  K.  (1A).  Lens,  (2).  Radiation  source.  (3).  Motor.  (4).  is 

twisted.  (5).  Modulator. 


Faye  206. 


The  e mission/r adiat ion  of  standard  source,  interrupted  by 
modulator,  is  focused  by  lens  on  the  receiver  teiny  investigated, 
which  is  placed  into  the  special  glass  crycstat,  where  is 
establ  ish/ insta lied  the  necessary  temperature  and  pressure.  The 
appeariny  in  receiver  during  irradiation  signal  with  the  aid  of 
ca t hoderepeater  (lamp  L„)  is  supplied  tc  electrcn  oscillograph  ENO-1 
(or  vacuum  tube  voltmeter)  and  phasemeter  EE- 1 with  the  introduced 
low-f reguency  correction.  The  simu ltanecusly  modulated  radiant  flux 
falls  in  germanium  photodiode  FD-2.  The  removed  from  the  lead  of 
diode  signal  serves  as  the  reference  vcltage  of  phasemeter.  On  the 
entrance  of  cathode  follower  is  located  the  switch  PJr  which  in 
position  of  1 connects  to  measuring  circuit  sigral  from  the  receiver 
being  investigated,  and  in  position  of  2 ~ signal  from  the 
di vider/de nominator  of  photodiode. 

The  audiofrequency  cscillatot  (Lt)  controls  the  work,  of  the 
asynchronous  motor  ASM- 100,  connected  with  reducer  modulator.  The 
value  of  exit  voltage  is  regulated  by  potentiometer  R3.  After  phase 
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inverter  (L3)  and  power  amplifier  (L4  ami  L5)  the  voltage  from 
audiofrequency  oscillator  is  supplied  tc  matching  transformer  Trl# 
and  then  to  asynchronous  motor. 

As  standard  emitter  is  utilized  the  incandescent  bulb  of 
automobile  type,  supplied  from  storage  batteries.  Bulb  is  placed  into 
the  metallic  cylinder,  strengthened  together  with  modulator  on 
optical  bench.  Kith  square-wave  modulation  the  front/leading  wall  cf 
cylinder,  illuminated  by  bulb,  has  rectangular  groove  (8  X 1)  mm*, 
the  length  of  the  mean  line  of  a trapezium  cf  the  groove  ct 
modulator,  passing  through  the  center  cf  illuminator,  is  equal  to  25 
mm.  For  obtaining  sinusoidal  mcaulaticn  of  flew  is 
establish/installed  the  covering  to  the  front/leading  wall  ot 
cylinder  with  opening/aperture  10  mm  in  diameter.  The  diameter  of 
epeniny/apert  ure  corresponds  to  the  diaireteL  ot  the  inscribed  into 
the  groove  of  interrupter  circumference.  At  an  angle  of  perforation 
less  than  30°,  is  ottained  modulation,  very  close  to  sinusoidal. 

The  glass  cryostat,  where  is  placed  tie  receiver  being 
investigated,  is  shown  in  Fig.  7.15.  Sersir.g  element  of  the  receiver 
leing  investigated  is  fastened  to  molybdenum  red  1,  sealed  in  in 
glass  tube  2,  which  concludes  with  hollow  section  3.  The  molybdenum 
input/introductions,  passing  through  the  bedy  cf  section,  serve  for 
test  connection..  Dewar  flask  fills  with  liquid  nitrogen.  Vacuum 
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tap/crane  4 serves  for  filling  of  the  chamfer,  where  is  placed 
receiver,  by  different  gases  at  different  pressures.  For  obtaining 
vacuum  is  utilized  carbon  adsorptive  pump  5.  Before  work  into  the 
cavity  of  pump  is  inserted  the  heater  for  the  warm-up  of  the 
activated  angle.  After  15  minutes  of  warm-up  and  evacuation  with  fore 
pump  the  system  overlaps,  Lut  adsorptive  pump  ard  Dewar  flasks  fill 
with  liguid  nitrogen. 

Fage  207. 

After  10  minutes  in  system  is  establish/installed  the  pressure  5»10-6 
torr.  By  heating  molybdenum  rod,  it  is  possible  to  report  to  receiver 
any  temperature  in  the  range  from  90  tc  40C°K„ 

The  described  installation  for  determining  the  dynamic  receiver 
responses  of  em iss icn/r ad ia t ion  is  completely  sufficient  f cr  the 
investigation  of  t ne  ferroelectric  bolometers,  which  possess 
considerable  inertness,  however,  for  research  cn  the 
amplitude- frequency  cha racteristics  of  pyrcelectcic  receivers 
mechanical  modulation  is  insufficient.  For  determining  the  time 
characteristics  of  pyroelectric  receivers  it  is  possible  to  utilize  a 
gas  laser  in  conjunction  with  electro-optical  modulator  a id  a 
selective  amplifier  of  the  type  Vb-6. 
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The  schematic  electrical  diagram  cf  setting  [15]  for  determining 
1.  receiver  noise  of  emission/rad iat ion  is  given  ir.  Fig.  7.16.  It 
consists  of  input  unit  {lamp.  L,)  ( the  tasic  amplifier  (la^ps  L2  - 
L 8 ) , monitoring  oscillograph  (lamps  L,  - L,2  and  L,g)  and  power 
supply  unit  (lamps  L13  - L17). 

For  the  selectivity  of  the  basic  amplifier  are  utilized  dual 

< 

{-sections  filter  ir  feedback  loop,  tuned  tc  frequencies  5,  9,  15, 

20,  35,  83,  335  and  by  10000  Hz.  The  wave  trap  between  the 
cascade/stages  of  lamp  L3  by  50  Hz  lowers  the  level  of  the 
focusing/inductions  of  commercial  frequency.  Attenuator  P2  makes  it 
possible  to  investigate  the  receivers,  which  strongly  dif+er  in 
noises. 
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Fig.  7„15.  Glass  cryostat  fcr  the  investigation  of  receivers. 

Key:  (1).  Conclusions.  (2).  To  vacuum  gauge.  (3).  Liquid  nitrogen. 
(4).  Vacuum.  (5) . Liquid  nitrogen. 
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Fig.  7.16.  Electrical  circuit  oi  setting  fct  determining  receiver 
noise  of  emission/radiaticn. 


Key:  (1).  V. 


Eage  20^. 


During  the  in  vest igat lcn  ot  the  noises  of  the  ferroelectric 
bolometers  nl.Oor  bridge  is  supplied  by  high  frequency,  before  the 
lamp  I,6  it  is  necessary  tc  supply  the  detector  cf  high  freguency  with 
filter,  \lter  ulter  the  envelope,  which  characterises  low-f reguency 
noises,  is  amplified  by  lamp  i.  6 ant  is  supplied  to  1 ow- tre guency 
detector,  and  then  it  is  recorded  by  a measuring  meter  of  the  type 
K-d2  or  by  the  automatic  recorder  tPP-09.  For  the  measurement  of  the 
noises  of  pyroelectric  receivers  at  high  ftegucncies  it  is  possible 
to  use  standard  setting  the  type  Vh-1. 


! ?5.  Procedures  of  the  determination  ot  the  basic  parameters  of 


rece  ivpls. 


The  conversion  factor  of  receivers  (vclt-watt  sensitivity)  it  is 


L 
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expedient,  to  determine  during  the  sinuscidal-modulated 
emissicn/radiation  , expressing  output  and  input  signals  in  effective 
values.  This  is  connected  with  convenience  in  the  use  of  standard 
equipment  and  exit  dial  instrument  whose  scale  is  calibrated  in 
effective  values.  The  second  reason  is  connected  with  the  very 
principle  of  the  measurements  in  question.  If  is  known  volt-watt 
sensitivity  of  TPI  on  the  s musoidal-modu lated  emission/radiation, 

then,  iy  using  Fourier  transform  in  the  examination  of  receiver  as 
linear  system,  it  is  possible  to  calculate  the  response  (reaction)  of 
receiver  to  the  arbitrarily  modulated  ct  pulse  radiant  flux. 

The  amount  of  incident  on  bolometer  radiation  power  is  computed 
according  to  the  S tef a n-Do  1 1 zma nn  formula  and  is  multiplied  by 
modulation  factor  g: 

W'  f<  --  - • l/i  — •Vt'V  (7.4!l| 

where  A0  is  an  area  of  the  receiving  area/site  cf  bolometer;  At  - the 
area  of  the  radiating  aperture  of  blacktody;  10  - the  distance 
between  the  blackbody  and  the  receiver  beirg  i r vest igated ; T0  is 
absolute  temperature  of  modulator;  - the  absorptivity  of 

modulator;  T - the  temperature  of  tlackbody. 

Distance  from  black  body  to  receiver  is  selected  more  than  20 
cntj  in  order  to  ensure  sufficiently  precise  calculation  according  to 


1 
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rormula  (7. 4')).  If  we  the  radiant  flux  modulate  by  rectangular 
emission  impulses  at  the  narrow-band  measuring  circuit,  adjusted  to 
the  fundamental  harmonic,  the  amount  of  tne  falling/incident  to 
receiver  radiation  power  is  determined  by  the  effective  value  cf  the 
fundamental  harmonic  of  radiant  flux,  decomposed  in  Fourier  series. 

Kcdulaticn  factor  g = 1— — • 

One  should  consider  that  at  the  temperature  of  emitter  400°K 
appear  the  smaller  errors  due  tc  radiation  absorption  by  the  water 
vapors  and  carbonic  acid,  than  at  temperature  cf  600°K„ 

Fage  210. 

Put  at  the  higher  temper  ature  of  black  tody  uescend  errors  due  to  the 
inaccurate  determination  cf  absorptivity  ar.d  of  the  temperature 

cf  modulator. 

The  arcs  value  cf  noise  Ve*.  The  measurement  of  this  parameter 
represents  one  of  complex  problems  both  in  instrument  and  in 
systematic  relation  [9  , 26,  31,  42  ]»  Fct  the  measurement  of  weak 
fluctuations  it  is  necessary  to  enforce  their,  and  to  detect.  In  radio 
engineering  this  prcblem  is  solved  with  the  use  of  the  low-noise 
linear  amplifiers  and  square  law  detectors  with  measuring  meter  [4], 

Convenience  in  the  use  ct  a square  law  detector  consists  in  the  fact 


*s 
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that  the  noises,  generated  from  different  sources,  are  sta tist icaily 
independent  and  store/add  up  quadra t ica 11 y . Square  law  detector  it 
makes  it  possible  by  their  easy  to  divide  simple  subtraction. 

However,  the  requirements  for  the  squareness  of  detector  and 
even  linearity  of  amplifier  are  optional..  Is  compulsory  only  that 
that  output  meter  was  calibrated  in  the  units  cl  noise,  aid  it  is 
1 also  desirable  that  the  calibration  curve  will  te  simple  analytic 
function.  Sjuare  law  detectors  are  capricious  i r.  work,  for  example 
thermocouple  and  thermistors  [In]..  Therefore  frequently  are  applied 
linear  detectors. 


The  requirements  for  the  linearity  of  amplifier  are  sufficiently 
rigid.  In  this  case  one  should  consider  that  checking  linearity  must 
conduct  oversized,  since  the  peak  value  of  noise  approximately  5 
times  exceeds  the  amplitude  value  of  the  sine  vcitaqe,  which  has  the 
same  R«S  value. 

The  inherent  noise  cf  preamplifier  - the  ncises  of  glimmer,  shot 
noise,  the  noises  of  redistribution  and  microphcnic  noisei  must  be 
brought  to  the  minimum.  To  the  question  of  the  investigation  of  lamps 
in  inf ralow-f requenoy  and  1 cw- f reg uenc y ranges  is  dedicated  a series 
[4,  5,  10,  11,  12,  30,  .37,  4 1,  46]. 
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Fundamental  question  is  the  selection  cf  the  passband  of 
measurin'!  device  and  averaqinq  time  cf  detector..  The  relative  error 
cf  the  single  measurement  of  the  intensity  cf  ncise,  caused  by  its 

statistical  properties,  is  determined  fcr  a linear  detector  by 
ex  pression  [ 4 ] 


(2A/,.,„/)  (7.50) 

where  A/,.,,,  - the  equivalent  noise  passband  of  amplifier;  t is  time 
constant  of  measuring  device* 

During  the  measurement  of  spectral  noise  density  (dependence  of 
receiver  ncise  on  frequency)  the  width  of  transmission  A one  should 
select  so  that  within  its  limits  spectral  ncise  density  would  remain 

constant.  The  determination  of  the  equivalent  ncise  passband  of 
frequency  analyzer  conducts  with  the  aid  of  audiofrequency 
oscillator .. 

Page  211. 

Cne  should  remember  that  value  A/SU1  is  connected  with  factor  of 
amplification  Kr  by  the  following  relationship/ratio: 
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where  Kyc  max  - the  maximum  value  of  the  tactcr  cf  amplification  of 
anal yzer. 


The  virtually  equivalent  noise  bandwidth  is  determined  as 
follows.  Is  remove/taken  dependence  A'yi.  -=  A’y,  (/).  Tnen  in  curve  is 
selected  a series  of  the  ordinates,  which  ate  raised  into  square  for 
plotting  dependence  Ay.  -r  A'v,  (f)  Area  under  the  last/latter  curve 
graphically  is  integrated  and  is  led  to  rectangle  with  the 

he  ig  h t/a  It  it  ude,  equal  to  max.  The  second  side  cf  rectangle  will 

he  A 


Between  the  equivalent  noise  passfcand  cf  analyzer  and  the 
passhand  of  analyzer  Af0. 7 during  the  use  resonance  or  the  adjusted 
T-filter  there  communicat lcn/ccrnecticn 


A — -rr  A/n.7. 


(7  52) 


It  is  necessary  to  still  consider  that  during  the  use  of  an  analyzer 
with  linear  detector  and  during  the  measureaent  of  the  noise,  which 
is  subordinated  to  normal  distribution  (Gaussian  noise),  the  output 
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va  Iup  cf  nuise  one  should  multiply  by  factor  1.13. 

The  output  meter  of  analyzer  can  he  directly  calibrated  in  the 
values  of  equivalent  noise  resistance  The  latter  makes  it 

possible  to  calculate  ncise  according  to  Nyguist's  formula 

f2  = 4A'7'y?„iA/J.,„.  (7.13) 

Eor  calibration  one  snould  select  the  wire-wounds  resistor  whose 
noise  purely  Johnson  and  does  not  depend  on  the  passage  of  current. 
This  calibration  method  is  convenient  in  worn  with  the  phase 
discriminator,  whien  has  narrow  passtand  i\/M„  = I Hz),  when  it  is 
experimentally  difficult  it  to  measure. 

Threshold  of  response  cf  receiver.  This  value,  knowing  volt-watt 
sensitivities  and  the  RTS  value  cf  noise,  wc  rand  by  simple  indexing: 

The  more  reliable  ana  more  precise  measurements  of  value  .7?  can  be 
obtained,  by  determining  signal-to-noise  ratio  with  the  assigned 
radiation  flux  w.  then 

^=U'V-^L  (7..V„ 

In  this  case  is  eliminated  the  het erochionism  cf  the  measu tements  of 
values  | and  S,  and  also  the  determination  of  these  values  by 


different  output  meters. 
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For  deterra  in  in>j  threshold  of  response  ? from  equation  (7.55)  it  is 
convenient  to  use  the  recording  potent  icraeter  EEP-09.  Irradiating  the 
receiver  being  investigated  by  the  known  tlcw  k,  we  determine 
according  to  the  scale  cf  automatic  recorder  in  relative  units  the 
value  of  signal.  Then  era  ission/radiaticr  frcm  source  overlaps,  the 
amplification  of  measuring  circuit  increases  in  m once  and  on  the 
scale  of  automatic  recorder  is  record/written  during  several  minutes 
noise  path/track.  Ihe  value  of  the  value  of  receiver  noise  is 

calculated  graphically  also  in  relative  units  and  is  led  to  band  in  1 


One  shoulu  ra te/estimate  errors  during  the  determination  of  the 
luminous  sensitivity  threshold  of  a receptor  - its  basic  parameter. 


The  luminous  sensitivity  threshold  of  a receptor  taking  into 
account  expression  (7.49)  takes  the  form 


---  -112-  n LrU—  • ~ • -4-  (r!  - p„7l).  (7.56) 

* Kyc  1 

where  e»  - the  mean  sguaro  of  receiver  noise  ard  measuring  device; 

■2 

Ft 

/>is  the  mean  square  or  the  ncises  of  measurinq  device;  V - the  value 
of  signal  at  the  output/yield  cf  measuring  device;  ^ c and  are 

factors  of  amplification  cf  measuring  device  during  the  determination 
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ct  volt-watt  sensitivity  and  during  the  deter  miration  of  noise  level. 


Then  the  relative  error  in  deterin  i nat  ion  of  threshold  of 
response  can  be  round  by  the  formula 


\7> 


A V e;  • VX  + aV'4'  v*l 


A A'. 


‘i  +• 


+ 


AA,C 


+ 


Al' 


+ 


AA„ 


‘IT]  AT 


AA,  _2At„ 

‘o  71-PnTf. 


1 4 v 7 * 

1 I F0#  o 


(7.57) 


The  relative  error  of  the  single  measurement  of  the  intensity  of 
r \se,  caused  by  its  statistical  properties,  is  determine  by 
expression  {see  (7.50)) 


= (2A/, , tf  \ 


(7.. 58) 


If  equivalent 
time  constant 
comj  ises  4c/o. 
0.1)  »10-?  cm5 


noise  bandwidth  ct  measuring  device  A/,.,,  = 2 Hz,  and 
t = 50  s,  then  error  according  tc  formula  (7.57) 

Let  us  assume  that  T,  = 550°h,  T0  = 300°K,  A0  = (2 
, A,  = (0.9  x 0.45)  cm? , 10  = 20  cm.,  V = 35.2  mV. 


its 


x 
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With  ertors  of  measareaient:  AT  = 1°C,  l/0  - C.2  cm.,  AV  = 0.5  mV;  the 
linear  dimensions  of  radiating  aperture  and  receiving  area/site  0.001 
cm.,  and  also  with  the  relative  error  in  determination  the  factors  cf 
amplif icat ion  A yc  and  Avc  ♦ 4o/o  general  error  in  the  determination 
of  the  luminous  sensitivity  threshold  cf  a receptor 


A.T 

~w 


<;%  +4%  + i.r>%  i T«  i o.n % po.nr,« 


If  we  moreover  consider  the  error,  which  appears  as  a result  of  the 
fact  that  the  axis  of  the  model  of  the  fclackbody  not  strictly 
perpendicular  to  receiving  area/site  and  dees  net  pass  through  its 
center,  or  errors  due  to  radiation  absorption  fcy  the  water  vapors  and 
carbon  dioxide,  then  relative  error  will  comprise  i (30-15)  o/o. 


The  maximum  errors  appear  as  a result  cf  the  measurement  cf 
noises  and  size/dr mensiens  or  receiving  area/site. 


A mpli t ude- fre guenc y receiver  response.  The  measurement  of  these 
ch ar ac teri st ics  conducts  during  the  sinuscidal-modulated 

emissicn/raJiation  from  standard  source  by  different  modulation 
frequencies  [2)].  The  obtained  dependences  are  conveniently 
constructed  on  dual  logarithmic  scale.  Ey  formulas  (1.10)  and  (1.11) 
it  is  possible  to  find  phenomenological  time  constant. 
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T ho  phase- frequency  receiver  response  is  determined  by  the  value 

p 

of  phase  angle  0=0  (u).  j^hase  angle  * is  measured  between  the 
signal,  taken  from  photo  detector,  the  being  inertia-free  receiver, 
and  the  signal,  which  appears  in  the  receiver  teiny  investigated 
during  irradiation.  To  account  tor  errors  due  tc  the  nonu  iformity  of 
the  phase- frequency  characteristic  of  preamplifier  is  recommended  the 
measurement  of  single  angle  02  between  the  voltage/stress,  taken  from 
photo  detector,  and  the  voltage,  taken  from  the  divider/denominator 
cf  photo  detector  and  intensified  themes  by  preamplifier.  With  this 

'P  " 'll—  ‘I  ; 

where  0t  - the  angle  between  the  voltage  of  phcto  detector  and  the 
signal  of  receiver,  intensified  themes  the  [ reamplitier.  From 
re  la t ionsh i p/ra t io  0 = arc  tg  ur  (u)  it  is  possible  to  find  the 
factor  of  inertness  r (u)  .. 

Spectral  receiver  response.  For  this  is  necessary  the  specimen 
receiver,  which  possesses  uniform  spectral  char acteristic.  As  the 
recommended  receiver  for  absolute  measurements  can  be  used  the 
developed  in  IF  AS  UkSSR  pyroelectric  receiver,  sensing  element  of 
wh  icn  IS  b lackbody . 

Zonal  receiver  sensitivity  is  measured  by  analogously  volt-watt. 
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The  developed  in  IF  AS  UkSSR  setting  fer  determining  zonal 
sensitivity  is  assembled  on  steieomicrcsccpe  and  has  a diameter  of 
light  probe  20-100 

The  value  of  the  receiving  area/site,  utilized  in  formulas  for 
determining  the  basic  parameters,  is  measured  ty  usual  optical 
methods. 

Fage  214. 


The  range  of  the  linearity  of  the  amplitude  characteristic  L of 
radiation  detector  can  be  determined,  ty  using  standard  emitter  with 
the  set  of  attenuators. 

Estimate  of  the  magnitude  L for  pyroelectric  receivers  and 
ferroelectric  bolometers  can  be  conducted,  ty  krowing  temperature 
dependence  of  pyroelectric  coefficient  y anu  of  dielectric  constants 
in  formulas  (4.81)  and  (8.19). 
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Chapter  VIII. 


LIMITED  APPLICATIONS  OF  F El  FO £ 1 1 CT  PIC  TI.EPtlAL  t AD  I AT  ION  DETECTORS. 


a 1 . Pyroelectric  Srir  r ->ct-i  vers  . 


One  oi  th<-:  tir.<t  at  p 1 icat  ion/uses  cf  pyroelectric  radiation 
detectors  ir»  there  use  for  rococo  my  the  pewt  SiiF  centime  ter, 
tr  i 1 1 i me  tr  ic  \nu  su  bmi  1 1 irneter  ranges  [3,  17,  2C,  J8,  41,  V2,  44]. 

Special  effectiveness  in  the  use  oi  pyroelectric  receivers  in 
comparison  with  ot  ..er  receivers  Shi  cue  should  expect  in  the 
subm il limete r wavelength  range  in  tne  c ras  i-opt  ica  1 lines  cf  the 
transmission,  when  receivers  must  re  equally  sensitive  to  the 
electromagnetic  radiation  ot  different  .aveiongths.  The  latter  is 
reached  during  tne  use  or  sensing  elements  cf  receivers  with  the 
size/d  intensions  of  receiving  area/site,  which  exceed  the  wavelength 
cf  i iff event  modes  of  vitiation,  spread  in  waveguide. 
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White  and  Vider  [44]  utilized  the  crystals  of  ttie 
y-section/shear  of  TUS  with  the  size/di me ns ions  or  the  receiving 
atca/si^e  A0  = 4.3  tn:n?  and  thickness  d = 0.4  mir  as  radiation  detector 
in  centimeter  oand.  Receiver  sensitivity  composed  1.6  V/W  during  load 
resistance  R„  10"  ohm.  The  range  cf  lineality  was  retained  up  to 
power  1.2  w. 

Shteyer  ar.d  Yumashita  [it-]  developed  the  detector  of  millimeter 
and  su  Ltn  il  1 imeter  waves  on.  the  basis  of  single  crystals  of  TGS  and 
FaTiOj  with  the  size/dimensions  cf  senscr  (2  x 2 x 0.5)  in  a.  During 
measurements  at  wavelengths  b.18  and  ^.10  n m the  threshold  cf 
response  comprised  ioi  TSS-receivers  ri»10~7  W/Hz1/2  and  t r 
tact  ico3-reci  i vers  p.7»1i>— 6 W/iiz1/2  with  the  value  cf  load  resistance 

R« 

A=  to  2 V1C. 

The  use  of  pyLoactive  crystals  of  103,  BaTi03  and  its 
derivatives  for  the  detection  cr  electromagnetic  radiation  in  wide 
spectral  range  from  microwave  range  to  the  visirle  region  of  the 
spectrum  was  made  by  Stanford  [35].  The  Lest  threshold  or  response  - 
(1.5-2)  10'"9  /Hz */ 2 - at  frequencies  cf  modulaticn  to  100  Hz 

possessed  receivers  on  the  basis  of  crystals  cf  TSS  with  the 
size/dimensions  of  sensor  f.0  = 3.15  mm2  and  d = 50.8 
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lime  constants  d i;l  no*  exceed  00  ps  and  the  range  o£  linearity  it 
co n posed  1 0 6 . 

Lliley , lveret  ind  white  [ 17]  reported  tht  development  of 
py  roel,-cti  ic  receiver  with  ser.sin  j ► lcnen-  :rci  the  cryst  1 of  TGS, 
working  at  wavelengtns  4 and  1^.0  mu.  The  trine  constant  of  device  was 
2 pS.  They  utilized  a preamplifier  with  high  input  impedance  and  a 
differentiator  amplifier  ter  *h<.  equalization  of  the  total  frequency 
characteristic.  Uthou  ju  the)  did  not  succeed  in  achievin  the 
maximum  sensitivity,  they  all  the  same  could  determine  peak  pulse 
power  10’*  * for  duration  10“5  s with  the  front  or  jcowth/build-up 
anc  Irop  40  ns,  in  sig nal-tc-ncise  ratio  egual  to  1 dB. 

The  first  Soviet  tepor t/commun ication  about  the.  development  of 
pyroelectric  receiver  for  the  detection  of  tne  SdF-em issio n/rad iat ion 
cf  millimetric  range  ({0.8-10)  mm)  both  in  tne  waveguides  and  in  free 
space  was  male  into  19BG  l 3].  As  sensing  elements  were  utilized  the 
speci me n/s am p les  of  single  crystals  cf  TGS  and  cf  ceramicr  BaTi03. 

The  irradiated  electrode  had  the  assigned  skin  drag  tot  the  optimum 
absorption  or  electromagnetic  radiatior. 


The  Impendences  of  the  output  signal  ci  pyroelectric  receiver 
and  thermistor  knob/ca  p of  t uc>  type  .'15-24  cn  the  amplitude  of  the 
supplied  power  are  represented  in  Fig.  to  P.1.  Curve  2 is  tanen 
during  the  use  ol  a source  by  power  cf  order  (1-2)  w at  modulation 
frequency  50  Hz,  and  curves  1 and  J are  taken  at  source  ptfwer  10  toW 
at  nodulition  freguency  20  Hz.  From  figure  is  visible  a good 
linearity  cf  the  amplitude  characteristic  of  pyroelectric  receiver, 
whereupon  the  range  of  rated  power  considerably  greater  of 
pyroelectric  receiver,  than  of  thermistor  knob/cap  (with  a weakening 
less  than  20  dB,  thermistor  knob/cap  it  goes  cut  of  order). 


A,mO  (i) 


P"v|y  V.  t . 

Fig.  8.1.  Dependence  ot  the  output  sigral  ct  pyroelectric  receiver 
(curves  1 and  2)  and  of  the  thermistor  knob/cap  N5-Z4  (curve  3)  on 
the  value  ot  the  amplitude  cf  power  SbF. 


Key:  (1).  mV.  (2).  dB. 
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Fid-  9.2.  Pyroelectric  nJiduci  detector,  w.iith  worics  on  the 
principlt  of  the  ccn;.U'i£ori  wiM,  a j cm  i SHF  with  radiated  power  of 
optical  ran  |o  ( W)  . 


Page  2 18. 

The  result.;  of  the  comparison  ot  these  cnaiactt  List  ics  indicate  the 
prospect  o l the  de  vt  lo  p a.t  n t oi  the  highly  sensitive  output  meters  of 
r:  i c wd  v*  range  uita  t h-  use  oi  tytcelectric  receivers,  comparatively 
single  by  construction  ard  in  operation,  mete  resistant  to  overloads 
in  comparison  «ith  tner mis  ter  an J metallic  bolometers. 

Threshold  of  response  for  a Ltceiv^r  on  the  oasis  of  crystals  of 
TGS  is  not  worse  than  Id-4  W/Hz*/?  with  the  vclt-watt  sensitivity  of 
200  V/w  at  modulation  frequency  20  Hz. 

The  pyroelectric  receiver,  which  ma-ces  it  possible  to  compare 
the  intensity  SHF  with  radiated  power  cf  the  optical  rang  , in  whicn 
the  calibration  of  receivers  conducts  ty  compar at i vely  simple 
methods,  is  given  in  rig.  d.2.  The  outer  si ie  cf  pyroactive  cone  or 
wedge  Is  the  matched  lead  for  radiation  absorption  SHF-,  and  internal 
is  flaekbody  tor  visible  or  intrureu  radiation.  Measurement  can  be 
cattle;  out  ty  zero  or  phase-meter  met  led. 
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sensitivity  of  tnicrocaiorimeters  is  low. 


1 1.  i.oniKict  ion  wit  a tais  tat  development  of  the  new  instruments, 
which  Ciue  it  possible  tc  determine  the  eneigy  and  time 
characteristics  of  laser  emission/radiaticn  in  wide  spectral 
interval,  is  actua 1/ur je nt . 

a-  0,1  °f  such  instruments,  which  do  not  re  juice  cool  in  g,  can 
serve  pyroelect tic  radiation  detector.  The  high-speed  abs  lute  meter 
cf  the  short-term  iromen  t um/imj  ulse/pulses  ci  flash  bulbs  and  laser 
emis^icr./t  a iiat  ion  or:  tn-  basis  of  pyroelectric  receiver  as 
developed  in  the  institute  cf  physics  cf  AS  JkSSB  [ t>,  6]. 

Faye  219. 

The  distinctive  special  f eat ur  eypecu lia Li t y ot  the  developed  device 
is  the  use  in  it  of  a ,-yiot  lectiic  ladiaticn  detector  with  sensing 
element  in  tne  form  oi  the  spherical  fclacklcdy  whose  cnar  cteristics 
were  described  in  chapter  V. 

Tie  block  diagram  of  settiny  is  yiven  in  tig.  8.1.  In  the 
instrunert  is  provired  of  two  operating  modes  - pulse  and  continuous. 
During  recording  pulse  emission/radiat icn  the  preamplifier  is 
connected  to  wideband  amplifier  with  output/yield  to  oscillograph 
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CI-29  (OK—  1 7 ) <ir  1 pea  k vo  1 t met  i V 4-  1.  in  cuntif.uous  operation 
vitiation  modulator  is  esta  I 1 i rh/i  r:st  a 1 led  next  to  laser,  and 
preamplifier  is  changed  ovu  to  narrow-land  amplifier  with 
synchronous  detector.  The  latter  has  a cutput/yieid  to  an  automatic 
recorder  of.  the  type  iiPr-09  or  dial  instrument. 

The  value  of  load  resistance  R„  aiso  changes  depending  or  the 
operating  mode.  In  pulsed  operation  for  determining  time  structure  ot 
laser  pulse  the  value  or  resistance  /7„  i is  selected  by  such  that 
would  le  satisfied  condition  !\Cn  < t (wnere  C0  is  general  input 
capacitance  or  receiver  and  lamp.,  a r is  its  owi.  time  constant  of 
receiver),  rhe  capacit.ance/capacit y cf  the  spherical  p»yro  lectnc 
receiver,  prepared  from  ceramics  BaTi03,  is  approximately  1000  p F.  In 
order  tuat  the  time  constant  of  input  circuit  wculd  be  less  than 
5«10"6  s,  load  resistance  must  he  less  tnar  5 anyone.  As  shown  in 

chapter  IV,  tne  threshold  of  response  cf  pyroelectric  receiver 
deteriorates  with  deer  ease  R„  (.P  ~ R Therefore  tor  the 

preser vat i on/reten t ion/roa intaininy  of  the  high  sensitivity  ot  device 
during  the  measurement  of  the  time  structute  of 

mo  me  1. 1 um/i  m pulse/p>  u Ise  it  1 ii  [-  t-  .o  llle  tc  utilize  a receiver  from  TGS 
with  the  size/diaiensions  ot  wao.-c  receiving  atca/sito  is  1-2  mm2  and 
whose  se If -capacit ance  is  9-10  ; F. 

For  1 ♦-termini  r.g  energy  ot  mom.  cu  turn /impel  sc/pul  so  is  selected  the 
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aode/ccndi t ions  of  mtejcjt  ioii , in  this  cast  R„C„  » /H  (whore  /„  - the 

pulse  duration).  If  A?,,  100  Mw,  the  time  constant  of  input  circuit 

during  the  use  of  a spherical  receiver  is  egual  to  0.1  s.  This  tine 
is  greater  than  the  auration  or  the  virtual!/  ctserved 
iromen  t um/i  mpulse/p  uises  of  laser  einissicn/r  adiatioi.. 


Kig.  Block  liagram  ot  Jtttinj  for  the  measurement  of  laser 

e m iss  i cn/r  a .1 1 a t ion  . 

Key:  (1).  Wideband  amplifier.  (._)  . Oscillograph.  (1).  output 
instrument.  (4).  p ytorec ?i ver.  (r>;  . Preliminary  aaipliiier.  ( fS)  . 
Elcck/module/uiiit  of  power.  (7).  Peak  voltmeter.  (8).  Modulator.  (9). 
Selective  amplifier.  (10).  Synchronous  detector.  (11).  Ge  crater. 


Page  2 2 0 . 


Ir.  the  mod  o/condit  ions  ot  the  integration,  when  its  own  time  constant 


DC  C 


7 7 1 o 0 d 4 6 


PACE 


ct  iec(.ivei'  is  lower  tnan  the  pulse  Juration,  the  peak  value  of 
cutout  pulse  proportional  to  energy  ct  iroinentu  n /tmpulse/p  tlse.  In 
addition  to  this,  by  observing  momentum/im pulse/pulse  on  oscilloscope 
face,  it  is  possible  by  the  duration  or  its  rrcrt  to  determine  the 
total  duration  ot  laser  emissior/radiat  ion. 

I r.  work  rn  continuous  duty  rs  connected  the  load  R„  - 100  MW 
for  obtaining  the  hi j u sensitivity  of  device. 

The  calioration  or  the  device,  which  works  in  continuous  duty, 
is  carried  out  from  i.lackbcdy.  In  this  case  the  tnreshold  ol  response 
at  modulation  frequency  10  Hz  composes  10  *7  «i/hz‘/?  with  a receiver 
irom  BaTiO  3 of  tie  spherical  type  and  5*1  0"9  li/t.z1/*  by  receiver  ftom 
TOS. 

For  calibrating  d<  vice  in  pulsed  cperaticr  it  rs  possible  to 
utilize  an  incandescent  lamp  and  a gate  or  camera. 

According  to  the  volt-watt  sensitivity  of  pyroelectric  receiver, 
determined  with  the  sinusoidally  modulated  radiant  flux  from 
tlackbody,  is  measured  the  radiant  flux  Item  incandescent  lamp  t the 
open  gate  of  camera  and  t.ne  same  m od  ill  a tion  frequency.  On  know  time 
cf  exposure,  which  is  monitored  ny  oscillograph  Cl-29,  and  to  e 
cutpu*  s i j n a 1 of  peas  voltmeter  it  l.  pcssitle  to  determine  tht  pulse 
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volt  sensitivity  of  uovice.  For  a spherical  receiver  whose  diameter 
is  b mra,  the  of  whose  «all  thicknesses  are  0.  c irm  by  the  radius  of 
whose  inlet  is  u.  5 mm,  prepared  from  ceramics  EaTio3,  pulse  volt 
sensitivity  composes  1b.  C V/J.  Inis  value  ccnsideratly  ox  eeds  the 
sensitivity  of  Known  laser  nicrocalorimeters. 

itet^r  retains  the  linearity  cf  the  amplitude  chat acte i ist ic  up 
to  ol  radiant  fluxes  10  W/mm?. 

Analogous  results  can  te  obtained,  by  utilizing  conical  or 
tapered  pyroelectric  receivers.  Although  the  enissrvity  o t tie  latter 
somewhat  lower  than  of  spherical,  they  possess  larger  voltage 
sersitivity  with  tne  same  value  of  inlet. 

With  large  radiant  fluxes  (energies  of  in  cue  a turn/ impulse/ pulse) 
is  disrupted  the  linearity  cr  the  amplitude  characteristic  of  meter 
both  because  or  the  displacement  of  operating  pcint  into  the  range  or 
the  powerful  temperature  dependence  of  pyroelectric  coeft  cient  and 
as  a result,  of  tne  ruilure  ct  the  irradiated  electrode.  By  decreasing 
the  radiant,  density  with  the  ail  ot  the  scattering  cell/e  eicents  and 
by  increasing  the  working  surface  ot  pyroelectric  receive  , it  is 
possible  to  expand  dynamic  tango  tc  10  - ICC  J.  In  this  case  the 
material  of  sensing  element  or  receiver  rt  is  desirable  to  select 
with  higher  Curie  pcint,  fer  example  ceramics  ct  titanate  of 
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zirconate  of  lead. 

Figure  8.4  gives  t ht  dependence  cf  tne  output  signal,  taken  from 
teceivei  with  the  diameter  cf  sphere  JO  aim,  a radius  of  inlet  R0  = 6 
mm  wall  thickness  d = 0.8  mm.  The  linearity  of  amplitude 
characteristic  is  retained  up  tc  the  naximuir  energies  or  the 
"pumping"  of  laser  or  pulse  energy  of  e miss ion/radiat ion  ;o  J. 5 J. 
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The  main  disadvantage  in  longitudinal  type  pyroelectric 
receivers  (with  the  irradiated  electrode)  is  insufficiently  fast  time 
constant  (r  = 10*'5-10'*6  s)  . This  limits  the  t i aie/tempor  ary  resolution 
of  meter,  making  it  possible  to  measure  the  mo n e ntu m/im pu  se/pulses 
only  in  the’  mode  of  "tree  generation"  (fcy  unration  more  than  1C  ps)  . 

For  the  measurement  oi  shorter  laser  pulses  (mode/co  ditions 
with  "g-sw itching" ) were  useu  conical-  and  tapered  end  type 
pyroelectric  receivers,  desetited  in  chapter  V.  The  linearity  cf 
amplitude  characteristic  during  the  use  of  15-utgree  cone  shaped 
pyroelectric  receivers  with  inlet  8 mm  in  diameter  was  retained  up  to 
energies  1.5  J.  Figure  8.5  gives  the  oscillogram  of  emission  impulse 
ty  duration  to  2 J ns,  written  in  the  mode  cf  the  measurement  of 
energy.  For  a comparison  is  given  to  the  right  this  same 
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value  of  receiving  area/site  was  IS  am*. 


I'  Vl(l) 


1 
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Fig.  8.4.  Dependence  of  the  output  signal  or  spherical  pyroelectric 
receiver r on  energy  cf  the  "pumping"  of  ruty  laser  / and  J 
measuring  point,  conducted  into  dif rerent  cays. 

Key:  (1).  mV.  (2).  j. 


fage  222. 

In  work  in  continuous  duty  the  calibration  conducted  at  modulation 
frequency  104  Kz,  and  in  pulse  - with  the  aid  cf  camera  shutter. 

In  worn  [30]  if  iescriLed  the  pyrcelectric  detector,  utilized 
fet  research  on  the  generation  cf  CO?-laser,  ch-maser  (X  = 


3 37  fj)  and 
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laser  enission/rad  iat  ion  or  water  vapors  (X  = 2fc  p)  . The  pyroelectric 
receiver,  assembled  on  the  basis  or  the  plate  cf  sulfate  of  lithiuir 
whose  diameter  is  7 mm  whose  thickness  is  50  p , was  place  in 
immediate  proximity  of  the  solia-body  operational  amplifier,  leveling 
its  frequency  characteristic  in  the  range  from  20  hi  to  i KHz.  The 
time  constant,  of  this  system  was  100  ns,  vclt-watt  sensitivity  is  3 
V/w.  The  noise  level  in  the  frequency  rand  in  question  did  not  exceed 
15  mV.  The  measured  by  pyroelectric  receiver  noirentum/impu lse/pulse 
cf  C02-iaser  by  duration  1 ps  was  compared  with  the  measurement, 
carries  out  with  the  aia  ot  tut  cooled  to  77°K  detector  o the  basis 
cf  germanium,  alloyed  Zn  and  Si..  The  operating  speed  of  pyroelectric 
receiver  with  solia-body  amplifier  was  insutriciert  tor 
reproduction  ot  leadrr,  j impulse  front. 
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laser  ( tK  = 250  uis)  : \)  written  with  the  aid  of  transverse  type 

pyroelectric  receiver  in  moue/condit  ions  /?„c  <<  r (above)  an  ) the 
photoelectric  receiver  P-5  (below)  ; h)  with  the  aid  of  transverse 
type  pyroelectric  receiver  in  a, ode/cor;  dit  ic  IiS  R„ c < /„  (above)  and  by 

the  photoreceiver  F-5  (te-lcw). 

Fa  ge  22). 

The  proposed  by  the  autnors  construction  or  receiver  was  free  from 
pi ezoel ect r ic  resonance  in  operating  range.  The  designed  the  lowest 
resonance  frequency  was  100  fHi.  However,  at  frequency  20  kHz  were 
observed  snail  osc  i i la  t ic  ns  . 

Glass  r 29  ] utilized  as  sensing  element  of  receiver  crystals  SDN 
(S BarNb,d„), 

/I  possessing  the  large  value  of  the  pyroelectric  coefficient  at 
values  of  0.25  < x < 0.5  in  the  range  cf  reeir  temperatures,  with  the 
size/di  men  sions  of  m?  receiver:  An  = 5 mm2  and  d = 100  m 
low-rreguency  voit-»att  sensitivity  composed  1C*  V/W  with  threshold 
cf  response  P — h«1J—v  w/Hz 1 /2cnt . The  auti.oi  recorded 
fliomentiiro/i  inpulse/pulses  ly  duration  25- JO  ns  frea  the  co2- laser,  when 
the  time  constant  of  input  circuit  was  less  than  1 0~*  s.  The  time 
constant  of  pyroelectric  receiver  was  determined  with  t lie  aid  cf 
detector  on  the  basis  or  the  germanium,  alloyed  by  copper  and  working 
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at  4°K  . 

To  thie  J;*e  of  pyroelectric  taceivcts  ter  the  measurement,  of 
laser  em ission/rad iat icn  au  dedicated  disc  [2,  1.1,  2d,  J 34], 

§J-  iti.et  app.l  icat  ion/uses  of  pyroactive  crystals. 


T:.t  use  of  pyroelectric  crystals  ter  tne  creation  or  the  image 
converters  or  television  type  was  suggested  uy  Khadni,  etc.  [27].  The 
invest  l gat  ions  or  the  .tonal  sersitivity  of  pyroelectric  t rgets  and 
their  tr*so  1 u tion  [7',  i • tersnintd  with  the  aid  cf  light  probes, 
indicat  > lcnj-range  nr  the  creation  ct  the  image  converters  of 
nonscanning  type. 


Estgeym  r and  Schwarz  [It]  utilized  a pyroelectric  r ceiver  in 
thermal  imaje  converter  with  op  t ica 1-mech anica 1 scanning.  The 
developed  Ly  the  authors  infrared  thermograph  witn  the  field  of  view 
10  x 10°  and  with  angular  resolution  0.1°  with  10000  cel  1/el ements, 
which  possess  temperature  resolution  0.2°C,  r eccrd/writes  thermogram 
in  JO  r . 


it.''!!  from  pyroelectric  sensing  transducer  is  supplied  to 
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the*  modulator  or  auxiliary  ray/Leam,  the  latter  is  synchronized  by 
the  single  system  or  mcannirg  and  is  projected  to  photo  jr  phic  film 
They  are  utilized  two  metneds  or  modulation  at  auxiliary  ray/beara« 
the  rirst  method  conducts  direct  inoculation  or  the  intensity  of  the 
cjlcv-.useharge  tube,  which  leads  to  the  apFearar.ee  of  a white-black 
image  or.  phonographic  film.  Ir.  otter,  mere  advurceed,  method  is 
utilized  the  source  of  the  fixei/tecorded  intensity,  which  projects 
cn  the  mirror  oi  galvanometer  the  image  of  light  niter.  During  the 
rotation  or  the  mirror  cf  the  g a 1 vancme te r , ccrtrolled  from  the 
signal  or  pyroelectric  receiver,  through  exit  slit  is  focused  the 
emission/radiation  ox  the  determined  color,  which  then  fa  Is  on 
colorec  photographic  film.  Is  esta hi ish/i nsta 1 led  the  one-to-one 
correspondence  between  the  temperature  cf  the  determined  section  of 
object  and  the  color  of  the  corresponding  section  of  imag  . 


Faye  224. 


This  instrument  was  useu  lor  relieving  the  temperature 
map/charts  of  objects,  wmch  arc  located  at  the  temperatuje  lower 
than  rri  hear  (T  < 7U0°K),  in  particular  for  the  analysis  ot  the 
structures,  raving  active  tnertnul  radiation  sources  (electronic 
circuit:;  and  nodo/units)  , rubbing  farts,  volumes  with  those  which 
pass  i:  them  exo-  and  endotheriral  reactions,  and  also  for  the 
analysis  of  the  passive  structures,  requiring  supplemental  heat  or 
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ceding. 


Among  other  uses  or  pyroelectric  receivers  one  should  note  their 
application/use  of  of  is  detectors  of  the  Learns  of  rapid  atoms  [18], 
for  purposes  of  the  dosimetry  cr  ultraviolet  radiation  [37],  for 
recording  heat  fluxes  [in],  in  particular  fcr  research  on  the 
character  i st  ics  of  wor  i [ 36  ],  for  the  teas  uouer.t  of  complete  thermal 
emission/!  iliation  in  astrcrautics  [ 14], 

The  use  ot  pyroelectric  crystals  ter  tne  creation  of  highly 
sensitive  temperature  sensors  [32,  33]  offers  the  possibility  of 
recording  temperature  changes  from  10* 7 to  1G~»0C  with  volt-degree 
sensitivity  20  V/de  j.  It  ere  considers  that  the  sensitivity  of 
sb-Bi-t her mocouples  is  approximately  3GC  d/leg,  then  pyroelectric 
thermometers  more  sensitive  them  1C5  tines-  The  ccnnectio  of 
pyroelectric  crystal  with  Mos  transistor  open/discloses  the 
possibilities  of  designing  ci  miniature  superser.sitive 
temperature-sensing  devices  [43]. 


§4.  Comparison  of  thermal  radiation  detectors. 


The  basic  requirement,  presented  tc  TF1,  consists  of  obtaining 
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th.  a.  1 x i mu  ,n  •'nceshoid  sensitivity  with  test  possible  frequency  and 
sport  Lai  c laractec ist ics.  Sometimes  essential  is  the  broad  band  of 
the  linearity  of  the  air.pl  it  udt  characteristic  ct  TPI.  In  this  case, 
of  course,  one  should  consider  the  operating  te rrperature  cf  receiver, 
since  cooling  TPi  is  connected  with  const derafc le  operational 
di  t f iculties. 


Iito  1947-1949  Joins  indicated  the  need  for  the  comparison  of 
receivers  with  the  aiitetor.t  parameters  and  tcrcula^ed  th  single 
conditions  of  comparison  [ <.  1 -2b].  By  hiir  it  was  suggested  to 
determine  the  value  of  the  IMS  value  of  noise  I e‘  by  the  amplifier, 
frequency  characteristic  cr  which  corresponds  tc  the  frog  ency 
characterist  ic  of  the  Lecetvei  Leir.g  invest  igatrd,  and  volt-watt 
sensitivity  at  the  a r o frequency  d0.  Ihen  the  threshold  or  response 
under  conditions  of  corap icison  A is  determined  by  the  constant  value 
cf  the  falling/incident  radiation,  wnich  causes  in  sensin 
transducer,  equal  to  tin  BMS  value  of  the  noise: 

& = —•  l am  /«<’•»  1 . (8.1) 

*•'0 


Cage 

It  we  assume  the  equivalence  of  all  sections  of  sensor  in  the 
creation  of  signal  and  noise,  then,  as  showed  Jcnes,  threshold  of 


1 


~ A Li  H 

response  Hm  under  conditions  ci  ccaiqaiison  3 inversely  proportional 
tc  square  root  oi  the  value  or  the  receiving  area/site  A0 : 

11 | "»i  / (<’(<  • < n)  " r>  | . 

Value  H char  act tr izts  the  threshold  cf  response,  led 
to  receiver  with  single  receiving  area/site. 

For  t no  comparison  ci  receivers  wita  different  time  constants 
and  by  receiving  area/sites  is  proposed  the  factor  of  quality  M - the 
parameter,  which  does  not  depend  neither  or.  A0  nor  on  r,  but  having 
different  vtiue-s  for  different  detectors,  faranet^r  .'1  is  conveniently 
normalized,  i.e.,  to  express  in  unity  tne  qualities  ot  very  jood 
receiver.  For  ideal  thermal  and  acousto-optica  1 (pnenmati  ) receivers 
with  T = d 00°  K 

.P  --  2.76  • 1()  12  (-tT*-  (8.3) 

If  we  accept  the  lactct  of  quality  of  this  receiver  for  unity, 
then  is  the  factor  of  quality  of  any  receiver  of  this  class 

Al,  =2.76  • j . (8.4) 

Carrying  out  the  evaluation  ot  the  character istics  o bolometers 
and  thermocouples,  iiavens  it  showed  (see  [ 5 ])  , that  their  smallest 
possible  threshold  or  response 

= 3 • NT*5 1 ) . (8.5) 


The  factor  of  quality  cf  this  receiver  Jones  also  accepted  for 


DOC 


771 60846 


PACE 

unity.  Therefore  f ot  any  ether  receiver  of  this  class 
Al.  3 • 10  '■  ] . (8.0) 

The  conuitions  ot  the  comparison  ct  receivers  according  to  Jones 
are  not  complete,  it  receiver  noise  differ  treir  the  tnerraal  and 
threshold  of  response  complexly  depends  on  tne  value  of  receiving 
area/site.  The  quality  tactci  is  net  any  universal  parameter,  which 
would  make  it  possible  tc  ccmpaLe  receivers  net  only  with  the 
different  size/uimensions  ot  receiving  area/sites  and  different  time 
constants,  but  also  different  spectral  sensitivity,  different 
mechanical  strength,  the  different  technological  processes  of 
manufacture  and  tne  cumulative  methods  of  the  taxer,  from  sensing 
transducer . 

Factor  of  quality  K net  feuno  wide  acceptance  among  developers 
and  the  users  of  receivers.  Knowing  the  factor  cf  quality  cf  receiver 
and  without  disposing  of  ether  information  about  receiver,  user  it 
could  not  accurately  say:  approaches  to  it  this  receiver  or  not. 


Fage  21». 

Into  the  qualities  of  ar.  example  let  us  examine  two  TP1  - 
toiosr.eter  and  pyroelectric  receiver.  Ecr  a Lolciretet  the  threshold  cf 
response  at  ireguency  10  nr  with  passband  1 dz  is  equal  to  5*10~10 
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fc/  riz  * l f and  time  constant  10  ms,  while  tor  a pyroelectric  receiver 
threshold  oi  response  is  equal  to  ^•IG-9  w/dz1/2  and  time  constant  10 
ps.  Calculation  of  juality  ractor  tor  a bolometer  qives  M2  = 0.12, 
and  for  the  pyroelectric  receiver  n2  - C.17. 

By  comparing  these  uata,  it  is  possible  tc  draw  the  conclusion 

that  the  pyroelectric  receiver  three  times  is  letter  than  the 

fcolometer.  However,  in  worn  cn  lew  modulation  frequencies  for  the 

notation  of  the  slowly  changing  processes  tclometer  is  better  than 

the  pyroelectric  receiver,  although  in  high-frequency  operation  it  is 

interior  to  it.  Therefore  Jones  into  15E9  [<1-25]  again  t turned  to 

threshold  sensitivity  as  to  the  more  convenient  criterion  or  the 

comparison  ot  receivers.  He  proposed  as  the  parameter  of  comparison 

the  sta nda r 1 izeu/no rma 1 i zed  threshold  sensitivity  2)*,  equal  to 

signal-to-  noise  ratio  to  the*  rate  ot  flew  ci  e n ission/r  adi  at  ion  and 

led  to  receiving  area/site  in  1 cm2  3nd  to  rand  1 Hz  (comparison 

under  conditions  E) : 

y>*  = 2>  M„,  A/)'1,5-  (8.7) 

Tr  the  general  case  2>*  is  the  function  of  many  variables: 

= X.  T,  v g). 

where  A is  a wavelength  of  emission/radiat ion ; f - modulation 
frequency;  T - absolute  ten;  per  at  urc ; Td  - is  time  constant;  g - the 
amplir rcat ion  ot  receiver  (parameter,  which  ccntrols  its 
sensitivity).  It  is  ,-ossible  to  count  that  parameter  g is  selected  in 
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such  i way  that  value  would  he  maximum. 

Cow  a u r:  i cat  ion/con  nect  i cn  between  values  «,  and  id2  and  by 
thresholu  sensitivity  is  record/wr  itt  en  in  the  iorit 


Dl.-([,8I  IO"'^L;il)A11;  (8.8| 

01.  - (1.67.  10"  ' M„  (8.9) 


Tne  d irect/st rai ght  determination  c r parameters  n,  and  M2 
accoruit'j  to  Jones  is  conjugate/combined  with  considerable 
experimental  dif ricult ies.  This  is  explained  themes  that  the 
neasur-  ment  ot  the  RMS  value  01  receiver  noise  at  zero  fr  quency  is 
hi nder/haro pe red  by  slow  changes  in  the  temperature  or  the  medium.  But 
ir  are  snown  tne  receiver  responses  during  the  nodulated 
emission/r  adiat  ion , measured  by  narrcw-tand  liagram,  ar.d  frequency 
receivn  response  is  approximated  Ly  one  time  constant,  then 
cciiimunicat  ion/connect  ion  of  factor  of  quality  P2  with  the  measured 
threshold  or  response  ^1  it  is  determined  tv  r elat  ionship/rat  ic  [9] 
M - 3 ■ 10~l;  )A4d0-V(l  + 4 11'Fx*, 


(8.10) 


N 


1 


DCC  = 771 b0d4b 


Page  227. 


P AC.  h 


For  tne  comparison  of  the-  TF-i,  which  operate  cc  a pulsed  basis,  Jcnes 
introduced  the  sta ndar Jized/nor nalized  threshold  sensitivity  on  the 
e n e l • g y 


A*  = A/1,)  -r — 

0 V, 


Since  passliand  oy  complex  tern,  afreets  the  parameter  A* , this  value 
is  not  led  to  single  bar.a. 

For  the  purpose  ot  ♦he  corn [arison  cf  T E I , whose  threshold  ct 
response  is  limited  to  radiation  noise,  Jcnes  introduced  [25]  the 
factor  of  the  s t a n dar d iz cd/ nor mal i zed  threshold  sensitivi  ly  on  solid 
angle  (comparison  under  conditions  F)  : 

,8.12) 

where  is  the  effective  solid  angle,  hearth  by  wuich  sensing  element 
was  cfcseivdble  through  the  aperture  in  tarnation  shield. 

Ir  receiver  possesses  circular  syirnetry  and  its  solid  angle  can 
le  represented  by  cor.e  witn  angle  2 H,  that  rela  tionship/ra  tio  between 
values  .)  and  h it  taxes  the  form 

Then  i2  = n sin  H. 

?,**  = y>*  sin  H. 


(8.  Id) 
(8.14) 


L 
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Cf  Lambert  receiver  h — 90°  and 

#**  = .0*.  (8.15) 

Factor  .?)♦*  can  turn  out  to  ce  suitable  for  the  comparison  not  only  of 
the  cooled  and  superconducting  receivers,  rut  also  for  immersion  type 
rece  i vei 


Tie  thermal  radiation  detector  is  optical  instrument  and  is 
intended  for  obtaining  the  information  about  radiation  sources. 
Therefore  during  the  comparison  or  IPI  it  is  interesting  tc  knew,  is 
sue),  their  to  t ran  smissi  vit  y the  information  aicut  changes  in  the 
radiant  flux  and  is  which  the  volume  of  inrormation,  transferred  TPI, 
per  th<  unit  of  power  of  incident  radiation.  For  this  purpose  Jones 
introduced  new  cue ractor istic  TPI  - infer maticnal  effectiveness 
[21-25].  This  value  determines  guar.tity  of  information  in  bits, 
transferred  t.y  receiver  tc  one  watt  or  the  incident  radiation: 


\ l«CsH  d !.•„'/>  I#*!/)  1 2I<</ 


7*  = — 


Wfy  (/)  d/ 


K-ptf)  - 2 < T | F(/)|* 


(8.H5) 

(8.17) 
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wht--t  .■  (t)  - the  component  of  the  expansion  of  Fourier  the  rate  of 
flew  of  emission/radiation  tf  (t).  Value  u.p  (£)  represents  square  F 
(f),  divided  iiito  period  or  T and  averaged  cn  ensemble  T of  similar 
duration  [ 25  ]. 


Page  22  9. 


Ir.  two  proced  ur  a 1 1 y important  cases  it  is  possible  to  obtain 
simple  expressions  rot  the  informational  effectiveness: 

a)  when  measurement  conduct  in  the  narrow  passfcand  cf  amplifier,  then 
•/*  = #*(/);  (8.18) 

b)  »hen  .7)*  (f)  = const  in  the  range  ci  frequencies  from  0 to 

a outsid'-  this  interval  ft*  (t)  = 0,  then 

J*  = (8.19) 

where 

Co 

(A,,)2  1 1 l.7J(f)\-df. 

i) 

The  given  analysis  or  ti.t  criteria  of  the  comparison  cf  the 
quality  of  T PI  snows  that  ry  one  parameter  it  is  not  possible  to 
describe  TP1  completely  sc  that  user  on  the  basis  ot  these  data  could 
torese-.  t h»-  characteristics  or  the  do  ve  lo  p/p  r cc  essed  optical 
equipment.  However,  it.  is  possii.le  tc  irdicate  the  set  ot  the 
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f undamenta  1 characteristics  oi  thermal  radiation  detector,  necessary 
for  the  solution  to  the  question  concerning  the  selection  of  TP1  for 


the  determined  tar  get/pur p cses. 


1.  Threshold  of  response  (or  threshold  sensitivity) 

9 = 'T  (/•  t.  A/,  71,,);  .0  - U)  (f,  t,  A/,  An).  (8.20) 

2.  Conversion  factor  (volt-watt  sensitivity) 

S = S(f,  k.  An)  and  S(a,  ;/).  (8.21) 

These  dependences  are  contained  the  frequency,  spectral  and  zonal 
sensitivities  of  TPI,  arid  also  the  dependence  cf  T PI  on  the 
£ize/ 1 imensicns  of  receiving  ar.-a/site.  If  tne  frequency  dependence 
cf  the  volt-watt  sensitivity  oi  TPI  it  is  possible  to  approximate  the 
curve  cf  form  (1.D) , then  time  constant  r us  sufficient  fer  the 
description  of  hig h-speea/velocit y receiver  response. 


3.  Dynamic  range  L,  and  also 
mechanical,  radiation  and  thermal 


the  information  about  the  effect  of 
effects  cr.  receiver. 


In 

substar.* 
knew  v a 1 
pt inci; I 


a numner  of  cases  tne  set 


la  11  y 

decreased.  If 

noise 

tie  s 5 

- S ( f , X),  T 

and 

e the 

question  cone 

e r n i n g 

or  characteristics  can  be 
TPI  is  Johnson,  then  it  suffices 
(f)  in  order  to  solve  in 
tne  use  ol  this  receiver  in 


to 


spectral  and  radiometric  instrumentation. 


§5.  Prospects  tor  development  anu  applying  thermal  radiation 
detectors. 

Thermal  radiation  detectors  find  wide  application  in  the 
technolojy  or  the  physical  experiment  and  industry. 

Faye  219. 

The  interred  spectrometers,  radiation  detector  in  which  in  the 
majority  of  cases  it  is  thotmal,  they  became  sene  of  the  asic 
analytic.il  instruments,  giving  information  aoout  structure  and  state 
cf  substances  and  which  obtained  wide  acceptance  during 
physicoche mical  investigations.  Lew-temperature  radiation  pyrometers 
(thermometers)  confidently  enter  in  the  minimum  of  physical 
instruments,  wnicn  is  necessary  tot  the  wcrK  ci  contemporary  research 
laboratory,  infrared  spectrometry  and  tadicnetry,  measurement  cf 
laset  generation,  diagnostics  cf  plasma,  research  on  the  generation 
ct  microwave  range,  astroph ysical  and  space  investigations,  automatic 
control  and  direction  compose  the  incomplete  ertmeration  of 
application/uses  of  rPI.  Tatle  a.  1 gives  the  ccirp>urat  ive 
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characteristics  of  bolometers,  while  Talle  b.JL  - other  thermal 
radiation  detectors. 

Creation  or  highly  sensitive  and  lew-inertia  TPI  - the  main 
direction  in  their  development.  In  connection  with  the  development  of 
the  new  methods  of  spectrometry,  in  partictiar  interferen  e 
spectrometry  of  the  high  resolving  power  witn  Fourier  transform, 
special  attention  is  given  to  the  linearity  of  amplitude  and  spectral 
receiver  responses.  (Jniike  usual  dispersive  monochromators  in 
interferometers  the  radiation  detector  receives  a comparatively  wide 
spectral  interval  or  wavelengths  lr  sufficiently  high  sig  al-tc-noise 
latios.  Therefore  requirements  ret  the  widtr.  of  the  dynamic  range  of 
receiver  ar^  often  are  more  rigid,  than  to  sensitivity. 

By  a special  £ eat  ur  e/ p ecu  ii  ar  1 1 y cf  Til  in  the  far-infrared 
region  of  tne  spectrum  [4],  where  the  standard  sources  of  noncoherent 
radiation  ate  weaic,  and  therefore  are  utilised  large  mirrors  and  wide 
slots,  are  the  considerable  size/dimens ions  of  receiving  area/site. 
For  this  region  of  tne  spectrum  they  are  required  TPI,  the  threshold 
of  response  of  which  strongly  dee’s  net  deteriorate  with  an  increase 
in  the  siz^/di mens  ions  of  receiving  area/site.  Promising  for  these 
purposes  are  the  pyroelectric  radiatict  detectors  along  with  the 
acousto-optical  and  cryogenic  bolometers,  utilize>a  in  long-wave 
spectrometers. 


5*® 
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The  creation  ot  intense  radiation  sources  - juantuiw  generators 
and  the  SHF  genetator/oscillat ors  of  m i 11  lnit”  r i c and  subm  llimeter 
ranges  assigned  the  new  missions  before  the  ievelcpers  ot  receivers. 
Arose  the  need  for  receivers  with  the  high  absorption  coefficient, 
capable  of  measuring  thi  powerful  radiant  fluxes  102-10b  W/cm?  or  the 
energy  ni  momentum/impulse/pulses  J icr  their  du  at  ion 

1G-4-10“fl  s.  The  utiiizea  for  these  puL posts  calorimeters  make  it 
possible  to  measure  energy  or  power  of  intense  radiant  fluxes,  but 
the  determination  of  the  pulse  duration  is  realized  by 
phctorec. i vets.  in  this  case  the  photoiccei vers  in  the  distant  and 
middle  regions  ct  optical  spectrum  require  coding,  pyroelectric 
receivers  (among  other  things  receivers  of  total  absorption)  make  it 
possible  tc  carry  out  the  simultaneous  measurements  or  en  rgy  and 
duration  of  laser  pulses  and  can  be  used  for  these  purposes  in  wide 
spectral  interval  (0.1-10G0  y)  without  cooling. 
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Key:  (1).  Type.  (2).  ohir.  (J).  V/W.  (4).  Hz.  (5).  ms.  (b)  . a/Hz'/«. 

(7).  H z 1/?  •eru/rt . (3).  Producer  (firm).  (9).  Literature.  (10). 

Pneumatic.  (11).  Nonseiective  optico  accustic.  (12).  Thermal  element 
is  composite.  (Id).  The  same.  (14).  Semiconuuctcr  type  thermal 
element.  (15).  Pyroelectric.  (1(>).  Pyroelectric  "blacx".  (17). 
Thermocouple  "olacK".  ( 1 « ) . Pyroelectric  "Hack"  (transverse  type). 
(10).  Pyroelectric  (coordinate-sensitive). 

Cage  232. 

For  the  measurement  or  weax  laser  era issian/radiations  are 
required  thermal  receivers  with  high  sensitivity,  for  example 
cryogenic  milometers  or  narrow-band  phetor ccei vers.  Is  promising  also 
the  use  of  pyroelectric  receivers,  which  work  near  Curie  point  and 
wit),  the  low  temperature  cl  phase  transition. 

The  increased  interest  m absolute  radiometry  and  spectrometry, 
which  woke  up  in  recent  years,  will  require  the  development  of  TPI 
with  uniform  spectral  characteristic  with  the  coefficient  of 
absorption  (••,,=^0,9!)  in  the  wiue  interval  of  tiie  spectrum  and  by  the 
stable  in  time  parameters. 


For  developing  TPI  can  be  used  any  properties  of  materials 


N 
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which  depend  on  temperature.  It  is  desicacle  tc  cl  tain  the  reaction 
cl  receiver  to  radiation  exposure  in  the  term  ct  the  electrical 
signal,  convenient  tor  amplification  fcy  xnewn  methods.  Thi  necessary 
condition  is  also  the  large  conversion  factor  ir  cider  rha*  the 
threshold  of  response  of  receiver  would  be  minimum  and  no  ses  its 
measuring  device  did  not  impair. 

U:  to  now  is  net  realized  tn^  t her  irody  ram  ic  sensitivity 
threshold  of  TPI.  The  obtained  tnrcshcld  values  or  sensitivity  more 
than  by  an  order  exceed  the  value,  characterized  fcy  the  temperature 
fluctuations  of  sensing  element.  Therefore  tne  search  tor  the 
effective  parameters,  which  depend  on  temperature,  it  continues.  In 
recent  years  was  proposed  a series  of  principles  for  the  creation  cf 
the  TPI,  ot  which  thus  far  still  net  one  gave  the  desired  results. 

On  the  possibility  of  applying  ferrites  as  thermal  materials  in 
the  infrared  region  of  the  spectrum  it  is  reported  in  work  [1]- 

Estimation  or  the  parameters  of  the  TCI,  which  can  be  created  on 
the  lasis  of  the  temperature  dependence  of  the  hall  coefficient  InSb 
P-type  with  T * 135°K,  gives  value  101  the  st a r dar d ized/no rmal ized 
threshold  sensitivity  '/)*  = ( 1 0 1 °—  1 0 1 1 ) (c  m • iiz  1 /?) /W  with  conversion 

factor  J - (103-10*)  V/w,  but  for  Oe  N-type  with  T = *!9J°K  - by  an 


order  is  worse  [12]. 
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To  the  determ inat icr  c t * i.  possibility  of  emission/r  a d ia  t ion 
measure  men  t on  the  Dasi.-  of  r.e  u..<_  or  ther nomagnetio  effects  in  the 
crystals  of  .jadoliiuua  it.  tiu  lanje  cf  Curio  point  is  dedicated  [ 35]. 
The  analysis  of  the  powerful  tf i^ttdturc  dependence  of  the 
nagnetizat ion  of  layers  from  gadolinium  fusion  with  maynes  iu  m in 
range  102°K  indicated  the  possibility  of  recording  the  power  of  order 
lO-8  w/H71/2.  The  report /commui.  ication  about  tie  powerful  temperature- 
dependence  of  the  coefficient  or  the  sc  It  - indue tion  of  some  alleys 
and  the  practical  appl  ication/apper.dices  or  this  effect  is  given  in 
work  f uo  ]. 


The  anomalous  course  or  the  ttsistance  of  semicond uctor  titanate 
cf  barium  in  the  field  cf  pnase  transition  can  le  used  for  the 
creation  or  sensitive  he  1 c rr.e to r . 

Page  ddj. 

The  positive  temperature  specific  resistance  (lKd  [ - triple 

coordinate  test  stand})  of  this  material  reaches  50o/o  [10,  11}.  It 
one  takes  into  account,  that  T KS  or  metallic  tolometers  composes 
0. 35-0. 5o/o,  thermistor  - 4-ho/o,  it  is  open/disclosed  the  prospect 
fer  th<  creation  of  receiver  with  large  conversion  factor  Be  managed 
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to  preserve  large  IKS  during  transition  to  thin  layers  and  they  will 
not  current  noises  limit  the  sensitivity  threshold  posistor 
bolometer,  will  show  the  further  investigations. 


It  is  natural  taut  the  development  of  tne  new  sections  cf 
metrology,  connected  with  development  powerful  radiation  sources  and 
with  t.  he  investigation  of  super -weak  radiation  signals,  wall  entail 
tne  new  development  of  thermal  receivers.  Apparently,  the  basic 
ef tort/forces  of  the  producers  will  be  directed  toward  the  creation 
cf  low-inertia  receivers  with  high  threshold  sensitivity  and  with 
wiae  dynamic  range  with  the  hign  absorption  coefficient.  From  this 

viewpoint  ferroelectric  thermal  radiation  detectors  are  promising. 
Ll  t- 
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